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s LEGAL NoT1CE I 
This report was prepared as an account of work sponsored by the United States Government. Neither the 
United States nor the United States Department of Energy, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use would not infringe privately owned rights. 
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INTRODUCTION TO THE 
CERTIFICATION DOCKET FOR THE REMEDIAL ACTION 

PERFORMED AT THE NATIONAL GUARD ARMORY IN 
CHICAGO, ILLINOIS 

FROM APRIL 1987 TO JUNE 1987 

Description of the Formerly Utilized Sites Remedial Action Program 
at the National Guard Armory in Chicaao, Illinois 

The U.S. Department of Energy (DOE), Office of Nuclear Energy, 
Office of Remedial Action and Waste Technology, Division of Facility 
and Site Decommissioning Projects (and/or the predecessor agency, 
offices, and divisions) has conducted a remedial action project at 
the National Guard Armory in Chicago, Illinois. The work is being 
administered by the FOKIWrly Utilized Sites Remedial Action Program 
(FUSRAP), one of two remedial action programs under the direction of 
the DOE Division of Facility and Site Decommissioning Projects. The 
United States Government initiated FUSRAP in 1974 to identify, clean 
UP, or otherwise control sites where residual radioactive material 
(exceeding current guidelines) remains from the early years of the 
nation's atomic energy program or from commercial operations causing 
conditions that Congress has mandated DOE to remedy (Ref. 1). The 
objectives of FUSRAP are to: 

0 Identify and assess sites formerly utilized to support 
early Manhattan Engineer District/Atomic Energy Commission 
(MED/AEC) nuclear work to determine whether further 
decontamination and/or control is needed 

0 Decontaminate and/or apply controls to these sites to 
permit conformance with currently applicable guidelines 

0 Dispose of and/or stabilize all generated residues in a 
radiologically and environmentally acceptable manner 

0 Accomplish all work in accordance with appropriate 
landowner agreements: local and state environmental and 
land use requirements to the extent permitted by Federal 
law: and applicable DOE orders, regulations, standards, 
policies, and procedures 

0 Certify, at the completion of remedial action, that the 
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radiological conditions of sites comply with guidelines 
and are appropriate for future use. 

FUSRAP is currently being managed by the DOE Oak Ridge Operations 
Office (ORO). As the Project Management Contractor (PMC) for 
FUSRAP, Bechtel National, Inc. (BNI) is the DOE representative for 
planning, managing, and implementing FUSRAP. 

To support remedial action planning and to define the locations and 
boundaries of contamination, DOE directed that radiological surveys 
be performed at the National Guard Armory (NGA) by Argonne National 
Laboratory (ANL) in 1977 and 1978 and by BNI in 1987 (Refs. 2, 3). 
It was determined based on these surveys that numerous isolated 
areas on building surfaces were contaminated. Remedial action was 
conducted at the NGA from April to June 1987. 

Executive Order 11991 empowered the Council on Environmental Quality 
(CEQ) to issue regulations to federal agencies for implementing 
those procedural provisions of the National Environmental Policy Act i 

(NEPA) that are mandatory under law (Ref. 4). The CEQ issued the 
regulations containing guidance and specific requirements in June 
1979 (Ref. 5). The DOE guidelines for implementing the NEPA process 
and satisfying the CEQ regulations were made effective on 
March 28, 1980 (Ref. 6). 

The NEPA process requires FUSRAP decision-makers to identify and 
assess the environmental consequences of proposed actions prior to 
beginning remedial activities, developing disposal sites, or 
transporting and emplacing radioactive wastes. Documentation 
required by NEPA in support of remedial action is prepared by ANL. 
Supporting documentation is provided by the FUSRAP PMC through the 
preparation of a series of engineering studies and environmental 
reports to evaluate remedial action alternatives for the site under 
consideration. The action deemed appropriate by DOE based on the 
NEPA process evaluations is then implemented with consideration for 
public safety and in compliance with applicable federal, state, and 
local requirements. 
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For the site discussed in this report, the NEPA requirements were 
satisfied by the preparation of an Action Description Memorandum, 
which led to issuance of a Memorandum to File (MTF) documenting 
that the project had no significant impact on the environment 
(Refs. 7, 8). 

Work performed under FUSRAP is governed by the provisions of the DOE 
quality assurance program plan for FUSRAP, which complies with DOE 
Order 5700.6 (Ref. 9). Work performed under FUSRAP by the PMC or by 
architect-engineers, construction and service subcontractors, and 
other project subcontractors is governed by the quality assurance 
program plan as specified in the FUSRAP Project Quality Assurance 
Manual (Ref. 10). Effectiveness of implementation is appraised by 
the EN1 quality assurance organization, and by DOE-OR0 on a regular 
basis. 

Remedial action was completed at the NGA in June 1987. On 
January 31, 1989, DOE certified that the property is in compliance 
with DOE decontamination criteria and standards developed to protect 
health, safety, and the environment. The notice of certification 
for publication in the Federal Register was signed by DOE on 
February 17, 1989. 

Purpose 

This docket has been assembled to document the successful 
decontamination of the NGA in Chicago, Illinois. The material in 
this docket consists of documents supporting certification by DOE 
that radiological conditions at the NGA are in compliance with 
radiological guidelines and standards determined to apply to the 
site and that use of this property will not result in any measurable 
radiological hazard to the general public derived from the 
activities of the Department of Energy predecessor agencies. 
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The certification docket contains only the material deemed most 
pertinent to the certification of this property: the comprehensive 
package of records is available and will be archived by DOE through 
the Assistant Secretary for Management and Administration after 
certification. Copies of this docket will be available for public 
review between 9:00 a.m. and 4:00 p.m., Monday through Friday 
(except Federal holidays) at the DOE Public Reading Room located in 
Room lE-190 of the Forrestal Building, 1000 Independence Avenue, SW, 
Washington, D.C. 

Property Identification 

The NGA site is located at East 52nd Street and Cottage Grove Avenue 
in Chicago, Illinois, approximately 6 miles south of the downtown 
business district. It is an active facility, presently occupied by 
the Illinois National Guard (1st Battalion, 178th Infantry, and 2nd 
Battalion, 122nd Field Artillery). 

Docket Contents 

Exhibit I is a summary of remedial action activities performed at 
the subject property. It provides a brief history of the origin of 
the contamination at the NGA, and summarizes the radiological 
characterizations conducted, the remedial action performed, and 
post-remedial action/verification activities. 

The following documents contain the guidelines that determine the 
need for remedial action. The subject site has been decontaminated 
to comply with these guidelines. The first document listed is 
included as Appendix A to Exhibit I of this docket: the second and 
third documents are included in Exhibit II (1). 

” _ 

U.S. Department of Energy. U.S. Department of Enerqy 
Guidelines for Residual Radioactivity at Formerly Utilized 
Sites Remedial Action Proqram and Remote Surplus Facilities 
Manaqement Proqram Sites, Rev. 2, March 1987. 
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U.S. Department of Energy. Design Criteria for Formerly 
Utilized Sites Remedial Action Proqram (FUSRAP) and Surplus 
Facilities Management Proqram (SFMP), 14501-OO-DC-01, Rev. 2, 
Oak Ridge, TN, February 1986. 

Argonne National Laboratory. Derivation of a Uranium Residual 
Radioactivity Guideline for the National Guard Armory in 
Chicaqo, Illinois, Chicago, IL, May 1987. 

The following document authorized or designated the remedial action 
at the NGA. A copy of the document is included in Exhibit II (2). 

Memorandum, William R. Voigt, Jr., Director, Office of Remedial 
Action and Waste Technology, Office of Nuclear Energy, 
Department of Energy Headquarters, to Joe LaGrone, Manager, Oak 
Ridge Operations Office. *'Designation of Sites for Remedial 
Action - Metal Hydrides, Beverly, MA: Bridgeport Brass: Adrian, 
MI and Seymour, CT: National Guard Armory, Chicago, IL," NE-20, 
Washington, D.C., December 17, 1985. 

The following documents describe radiological conditions at the 
subject property before remedial action. They are referenced in 
Exhibit II (3) of this docket. 

Argonne National Laboratory. Radioloqical Survey of the 
National Guard Armory at Washinqton Park, 52nd Street, and 
Cottaqe Grove Avenue, Chicaqo, Illinois, DOE/EV-0005/22, 
(ANL-OHS/HP-83-loo), Chicago, Illinois, January 1983. 

Bechtel National, Inc. Radiological and Limited Chemical 
Characterization Report for the National Guard Armory, Chicaqo, 
Illinois, DOE/OR/20722-179, Oak Ridge, TN, January 1988. 
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The  d o c u m e n ts l isted be l ow  we re  p repa red  to  fulfi l l N E P A  
requ i r emen ts fo r  th e  subject  site. The  second  o f these  d o c u m e n ts 
inc ludes  th e  F O N S I. These  d o c u m e n ts a re  i nc luded  in  E xhibi t  II (4).  

A r gonne  N a tiona l  Labo ra tory. A ct ion Descr ip t ion M e m o r a n d u m , 
P roposed  Decon ta m ina tio n  o f th e  N G A  in  Ch i cago , I l l inois, 
A r gonne , IL , Ma r ch  1 9 8 7 . 

M e m o r a n d u m , J.E . Baub l i tz fo r  W .R. V o igt, Jr., Director,  O ffice 
o f Remed ia l  A ct ion a n d  W a s te  Techno logy , O ffice o f Nuc lea r  
E n e r g y , Depa r tm e n t o f Ene rgy  H e a d q u a r ters, to  J. L a G r o n e , 
M a n a g e r , O a k  R idge  O p e r a tions  O ffice. "Rev iew o f Remed ia l  
A ct ions a t th e  N a tiona l  G u a r d  A rmory , Ch i cago , Il l inois,** 
Wash i ng to n , D .C., Ju ly  2 7 , 1 9 8 7 . 

E xhibi t  II (5 )  inc ludes  th e  access  a g r e e m e n t s i gned  by  th e  p rope r ty 
owne r  a n d  D O E  b e fo re  remed ia l  ac tio n  was  init iated. The  a ffec te d  
p rope r ty owne r  is l isted be l ow . 

The  I l l inois M il i tary a n d  Nava l  Depa r tm e n t 

The  fo l low ing  repo r t descr ibes  th e  ex te n t o f th e  remed ia l  ac tio n  a n d  
d o c u m e n ts th e  successfu l  decon ta m ina tio n  o f th e  subject  site. Th is  
repo r t is i nc luded  in  E xhibi t  II (6).  

B e c h te l  N a tiona l , Inc . P o s t -Remed ia l  A ct ion Repo r t fo r  th e  
N a tiona l  G u a r d  A rmory , Ch i cago , I l l inois, D O E /O R /2 0 7 2 2 - 1 8 4 , 
Rev is ion  1 , O a k  R idge , TN , N o v e m b e r  1 9 8 8 . 

The  fo l low ing  m a ter ia ls  d o c u m e n t ac tivities to  veri fy th e  successfu l  
decon ta m ina tio n  o f th e  subject  site a n d  a re  i nc luded  in  
E xhibi t  II (7):  

L e tte r , J.D. Be rge r , O a k  R idge  A ssoc ia ted Universi t ies,  to  
J.J. F iore,  Director,  Div is ion o f Faci l i ty a n d  S ite  
Decommiss ion ing , O ffice o f Nuc lea r  Ene rgy , Depa r tm e n t o f Ene rgy  
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Headquarters. “Verification of Remedial Actions at the 
National Guard Armory, Chicago, Illinois,** June 30, 1987. 

Oak Ridge Associated Universities. Verification of 
Remedial Action, Illinois National Guard Armory, Chicago, 
Illinois, ORAU 88/A-20, Oak Ridge, TN, February 1988. 

The information in Exhibit II (8) states that the State of 
Illinois was kept fully informed of all DOE activities in 
connection with the remedial action performed at the NGA. 

The information in Exhibit II (9) states that there are no 
restrictions on use of the NGA site following verification that 
remedial action at the property was successful. 

The Federal Register notice informs the public of DOE’s intent 
to certify that the subject site is in compliance with 
applicable radiological criteria and guidelines. The text of 
the Federal Register notice is included in Exhibit II (10). 

J.E. Baublitz, Acting Director, Office of Remedial Action 
and Waste Technology, Office of Nuclear Energy, Department 
of Energy Headquarters. Federal Register Notice: 
Department of Energy, Office of Nuclear Energy, 
“Certification of the Radiological Condition of the 
National Guard Armory in Chicago, Illinois,” February 17, 
1989. 

The documents listed below validate the final certification of 
the NGA site and are included in Exhibit II (11). 

Memorandum, J.J. Fiore, Director, Division of Facility and 
Site Decommissioning, Office of Nuclear Energy, Department 
of Energy Headquarters, to J.E. Baublitz, Acting Director, 
Office of Remedial Action and Waste Technology, Office of 
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Nuclear Energy, Department of Energy Headquarters. 
"Recommendation for Certification of Remedial Action at the 
National Guard Armory site in Chicago, Illinois," 
February 16, 1989. 

P.J. Gross, Director, Technical Services Division, Oak 
Ridge Operations Office, Department of Energy. "Statement 
of Certification: National Guard Armory Site in Chicago, 
Illinois," January 31, 1989. 

Cost data and waste volumes associated with remedial action 
performed at the NGA site are included in Exhibit I of this 
docket. 
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Prepared for 

UNITED STATES DEPARTMENT OF ENERGY 
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Under Contract No. DE-ACOS-810R20722 

BY 

Bechtel National, Inc. 

Oak Ridge, Tennessee 

Bechtel Job No. 14501 

---- ~ ,--- -- 



TABLE OF CONTENTS 

Paqe 

1.0 Introduction 

2.0 Site History 

- 3.0 Site Description 

4.0 Radiological History and Status 
4.1 Remedial Action Guidelines 
4.2 Post-Remedial Action Status ..__. 

. I  

__.- 

- 

5.0 Summary of Remedial Action 
5.1 Pre-Remedial Action Activities 
5.2 Decontamination Activities 
5.3 Post-Remedial Action Measurements 
5.4 Verification Activities 
5.5 Public and Occupational Exposures 
5.6 Costs 

References 

Glossary 

Appendix A U.S. Department of Energy Guidelines for 
Residual Radioactivity at Formerly Utilized 
Sites Remedial Action Program and Remote 
Surplus Facilities Management Program Sites 

I-l 

I-3 

I-4 

I-6 
I-6 
I-7 

I-10 
I-10 
I-10 
I-12 
I-12 
I-13 
I-14 

I-16 

I-19 

I-A-l 

I-ii 



LIST OF FIGURES 

Figure Title Page 

l-l Location of the National Guard Armory 

3-l Plan View of the National Guard Armory 

I-2 

I-5 

LIST OF TABLES 

Table Title 

4-l Summary of Residual Contamination Guidelines 
For the National Guard Armory 

5-l Remedial Action Costs at the National 
Guard Armory 

I-iii 

__-_ .-_-_l_ . ..-.- --__ ~_ 

Page 

I-8 

1-15 



ABBREVIATIONS 

I )  

-  

-  

cm 
2 cm 

dpm 
ft 
ft 2 

gal 
m 
m2 
uR/h 
uCi/ml 
MeV 
mrad/h 
mrem 
mrem/yr 
pCi/g 
WL 

centimeter 
square centimeter 
disintegrations per minute 
foot 
square foot 
gallons 
meter 
square meter 
microroentgens per hour 
microcuries per milliliter 
million electron volts 
millirad per hour 
millirem 
mi.llirem per year 
picocuries per gram 
working level 

I-iv 



,_._.. 

..M. ACRONYMS 

.- 

AEC 
ANL 
BNI 
CEQ 
DOE 
EPA 
ERDA 
FONSI 
FUSRAP 

IVC 
MED 
NEPA 
NGA 
ORAU 
ORNL 
OR0 
PMC 

Atomic  Energy Commis s ion 
Argonne National Laboratory 
Bechtel National, Inc . 
Council on Environmental Q uality  
Department of Energy 
Environmental Protection Agency 
Energy and Research Development Agency 
F inding of No Significant Impact 
Formerly  Utilized Sites  Remedial 
Action Program 
Independent Verification Contractor 
Manhattan Engineer Dis tric t 
National Environmental Polic y  Act 
National G uard Armory 
O ak Ridge Assoc iated Univers ities  
O ak Ridge National Laboratory 
O ak Ridge O perations  
Projec t Management Contractor 

I-v 



1.0 INTRODUCTION 
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Exhibit I summarizes the activities culminating in the certification 
that radiological conditions at the property discussed in this 
docket are in compliance with applicable guidelines and that use of 
the property will result in no radiological exposure above DOE 
criteria and standards established to protect members of the general 
public and occupants of the site. These activities were conducted 
under the Formerly Utilized Sites Remedial Action Program (FUSRAP) 
(Ref. 1). This summary includes a discussion of the remedial action 
process at this property: characterization of its radiological 
status, designation of the property as requiring remedial action, 
performance of the remedial action, and verification that the 

* 

radioactivity has been removed. Further detail on each activity can 
be found in the referenced documents, most of which are included in 
the docket. 

The property addressed in this docket is the National Guard Armory 
(NGA) in Chicago, Illinois. The location of the NGA is shown in 
Figure l-l. 

I-l 



- 

“- 

-- 

-- 

_I” 

.- 

,-^ 

-- 

- 

_” . 

W ASHINGTON 
PARK 

E. 53rd. ST. 
4 

r  

c3 N 

NOT T O  SCALE 

F IGURE l-l LOCATION O F  THE NATIO N AL G U ARD ARMO R Y 

I-2 

---_--. 



2.0 SITE HISTORY 
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In 1942, the Manhattan Engineer District (MED) leased the National 
Guard Armory to alleviate space shortages at the nearby University 
of Chicago, where research was being conducted jointly by the 
university and the MED Metallurgical Laboratory. Records indicate 
that the NGA was used primarily for the storage and processing of 
uranium metal, and served as the central procurement and shipping 
location for the Metallurgical Laboratory (Ref. 11). 

It is suspected that most of the MED activities were carried out in 
the arena and the south headhouse (which adjoins the arena). It is 
believed that the armory storeroom was used to store uranium 
shavings and grinding wastes, because at least one of several 
uranium fires in the armory was reported to have occurred in the 
northeast corner of this storeroom. One fire contaminated both the 
receiving area and the storeroom. These two areas have not been 
positively identified in the historical records: however, based on 
current radiological findings, they may have been in the western 
half of the south headhouse ground floor. 

In 1951 the Atomic Energy Commission (AEC), which succeeded the MED, 
terminated use of the NGA, and the property was returned to the 
State of Illinois. When operations ceased at the National Guard 
Armory, some effort was apparently made to decontaminate the 
facility. After the MED ceased using the facility, contaminated 
soil from the arena was removed and disposed of: however, no records 
indicating where this dirt was taken could be located. Later, more 
soil was removed, and a concrete pad was installed. 
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3.0 SITE DESCRIPTION 
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The NGA site is located at East 52nd Street and Cottage Grove 
Avenue, Chicago, Illinois, approximately 6 miles south of the 
downtown business district. The facility is a four-story concrete 
building with outer walls of stone. Its total area is approximately 
290,000 ft2. An arena occupies the center of the building: 
offices, classrooms, storage areas, and garages are located at the 
north and south ends of the building. The 230-ft arena has a 
ceiling more than 100 ft high, with stadium bleachers located on the 
east and west sides. Figure 3-l is a plan view of the NGA. 

I-4 



HEADHOUSE 
mm- ~------1mw~mwm 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

w : 
I 
I w 

0 1 IO 
cnl 

b : 
DRILL HALL : ; 

(ARENA) I f$ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SOUTH 
HEADHOUSE 

GARAGE 

E. 52nd ST. 

ti 

E. 53rd ST. 

r 
NOT TO SCALE 

FIGURE 3-l PLAN VIEW OF THE NATIONAL GUARD ARMORY 

I-5 



4.0 RADIOLOGICAL HISTORY AND STATUS 

.- 

- 

-- 

Conversations with personnel who worked at the NGA during the 
MED/AEC era revealed that an effort had been made to decontaminate 
some bleachers in the arena: however, no records of radiological 
surveys OK decontamination efforts conducted at the facility upon 
termination of MED/AEC activities could be found (Ref. 12). 
Therefore, the Energy Research and Development Agency (ERDA), 
predecessor of DOE, requested that a comprehensive radiological 
survey of the NGA be performed to determine if any detectable 
radioactive contamination remained as a result of the MED/AEC 
operations. The survey was performed between September 19, 1977 and 
October 11, 1978 (Ref. 12). 

Results of this survey indicated that residual contamination was 
present at the NGA in excess of the limits suggested by the remedial 
action guidance in effect at that time. Relatively extensive 
contamination was found in Room 1 and in the drainage systems for 
the floors of Rooms 1 and 5. Small (less than 300 cm2), isolated 
areas of contamination were found on floor surfaces in other 
locations (Ref. 12). 

Based on the results of this survey, DOE designated the NGA for 
remedial action under FUSRAP (Ref. 13). 

4.1 REMEDIAL ACTION GUIDELINES 

The principal radionuclide of concern at the NGA was uranium. A 
site-specific uranium guideline was derived on the basis of very 
conservative scenarios for future use of the site. A guideline of 
150 pCi/g was derived for uranium-238 in soil with uranium-234 and 
uranium-235 present in naturally occurring concentrations, on the 
basis of a scenario in which a person would live in the armory, 
drink water from a shallow on-site well, and raise 10 percent of his 
plant-food diet in an on-site garden (Ref. 14). DOE residual 
contamination guidelines governing the release of the property for 
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future use are listed in Table 4-1 (Ref. 15). The DOE guidelines 
are compatible with those of the Environmental Protection Agency 
(EPA). The guidelines presented in Table 4-l were applied primarily 
to surfaces, such as walls, ceilings, floors, and columns. On 
surfaces where contamination exceeded the applicable criteria, 
remedial action was performed until measurements indicated that 
guidelines were met. The design criteria document for FUSRAP 
contains additional information regarding applicable federal 
regulations (Ref. 16). 

4.2 POST-REMEDIAL ACTION STATUS 

,- 

.-. 

As shown in the post-remedial action report for the NGA, there is no 
area where radioactive contamination exceeds DOE guidelines 
(Ref. 17). An independent review of the remedial action performed 
on the property discussed in this report was conducted by an 
independent verification contractor (IVC), the Radiological Site 
Assessment Group of Oak Ridge Associated Universities. The purpose 
of the IVC assessment was to verify the data supporting the adequacy 
of the remedial action and to confirm that the site was in 
compliance with existing remedial action guidelines upon completion 
of remedial action. 

Based on all data collected, this property is in conformance with 
all applicable DOE radiological guidelines established for release 
for future use (Refs. 18, 19). 

- 
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TABLE 4-l 
SUHHARY OF RESIDUAL CONTAMINATION GUIDELINES FOR THE NATIONAL GUARD ARMORY 

Pane 1 of 2 

BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual member of the general public is 
100 mrem/yr. 

SOIL (LAND) GUIDELINES 

Radionuclide Soil Concentration (pCi/g) above backgroundatbgc 

Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 
Other radionuclides 

5 pCi/g, averaged over the first 15 cm of soil below 
the surface; 15 pCi/g when averaged over any 1%an- 
thick soil layer below the surface layer. 

150 pCi/g* 
Soil guidelines will be calculated on a site-specific 
basis using the DOE manual developed for this use. 

STRUCTURE GUIDELINES 

Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne radon decay products shall apply to existing occupied 
or habitable structures on private property that has no radiological restrictions on its use; 
structures that will be demolished or buried are excluded. The applicable generic guideline 
(40 CFR 192) is: In any occupied or habitable building, the objective of remedial action shall be, and 
reasonable effort shall be made to achieve, an annual average (or equivalent) radon decay product 
concentration (including background) not to exceed 0.02 WL.d In any case, the radon decay product 
concentration (including background) shall not exceed 0.03 WL. Remedial actions are not required in 
order to comply with this guideline when there is reasonable assurance that residual radioactive 
materials are not the cause. 

External Gamma Radiation 

The average level of gamna radiation inside a building or habitable structure on a site that has no 
radiological restrictions on its use shall not exceed the background level by more than 20 pR/h. 

Indoor/Outdoor Structure Surface Contamination 
Allowable Residual Surface Contaminatione 

(dpm/lOO cn$) 

Transuranics, Ra-226, Ra-228, Th-230, Th-228 
Pa-231, AC-227, I-125, I-129 

100 300 20 

Th-Natural, Th-232, Sr-90, Ra-223, Ra-224 
U-232, I-126, I-131, I-133 

1,000 3,000 200 

*Argonne National Laboratory. Derivation of a Uranium Residual Radioactivity Guideline for the 
National Guard Armory in Chicago, Illinois, Chicago, IL, May 1987. 
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Page 2 of 2 

(continued) 

Indoor/Outdoor Structure Surface Contamination (continued) 
Allowable Residual Surface Contaminatione 

(dpm/lOO cm2) 

Radionuclidef Averageglh Maximumh~ i Removablehpj 

U-Natural, U-235, U-238, and associated decay 
products 

5,000 a 15,000 a 1,000 a 

Beta-ganma emitters (radionuclides with decay 
modes other than alpha emission or spontaneous 
fission1 except Sr-90 and others noted above 

5,000 B - y 15,000 D - y 1,000 D - y 

aThese guidelines take into account ingrowth of radium-226 from thorium-230 and of radium-228 from 
thorium-232, and assume secular equilibrium. If either thorium-230 and radium-226 or thorium-232 
and radium-228 are both present, 
concentration. 

not in secular equilibrium, the guidelines apply to the higher 
If other mixtures of radionuclides occur, the concentrations of individual 

radionuclides shall be reduced so that the dose for the mixtures will not exceed the basic dose 
limit. 

bThese guidelines represent allowable residual concentrations above background averaged across 
any IS-cm-thick layer to any depth and over any contiguous lOO-& surface area. 

CLocalized concentrations in excess of these limits are allowable provided that the average 
concentration over a lOO-& area does not exceed these limits. 

dA working level (WL) is any combination of short-lived radon decay products in 1 liter of air that 
will result in the ultimate emission of 1.3 x 105 MeV of potential alpha energy. 

eAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive 
material as determined by correcting the counts per minute observed by an appropriate detector for 
background, efficiency, and geometric factors associated with the instrumentation. 

fWhere surface contamination by both alpha- and beta-ganma-emitting radionuclides exists, the limits 
established for alpha- and beta-g--emitting radionuclides should apply independently. 

gHeasurements of average contamination should not be averaged over more than 1 n?. For objects of 
less surface area, the average shall be derived for each such object. 

hThe average and maximum radiation levels associated with surface contamination resulting from 
beta-ganma emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at 1 cm. 

iThe maximum contamination level applies to an area of not more than 108 cn?. 

jThe amount of removable radioactive material per 100 cm2 of surface area should be determined by 
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and measuring the 
amount of radioactive material on the wipe with an appropriate instrument of known efficiency. When 
removable contamination on objects of surface area less than 100 an2 is determined, the activity per 
unit area should be based on the actual area and the entire surface should be wiped. The numbers in 
this column are maximum amounts. 
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The following subsections briefly describe the remedial action 
process and measures taken to protect the public and the environment. 

5.1 PRE-REMEDIAL ACTION ACTIVITIES 

After it was determined that the National Guard AKmOKy was 
contaminated, DOE designated the building for remedial action under 
FUSRAP. A radiological characterization of the NGA was performed to 
define the areas of contamination in preparation for remedial action 
(Ref. 11). Surface contamination was found in 12 rooms, and 
contaminated sludges were found in the catch basin system in Rooms 
1, lD, and 5. The soil in one area outside the west wall of Room 1 
was found to be contaminated, with uranium concentrations in excess 
of 150 pCi/g. 

The Illinois National Guard was notified when DOE designated the 
armory for remedial action, and engineering design and related 
activities were initiated in preparation for remedial action. These 
activities included preparation of an engineering work plan 
(Ref. 20). 

5.2 DECONTAMINATION ACTIVITIES 

During remedial action operations, measures were taken to prevent 
the spread of contamination and to keep exposure rates as low as 
possible for the building occupants, including remedial action 
workers. MeaSUKeS were also taken to monitor airborne radioactivity 
resulting primarily from dust and to limit personnel exposure to 
organic vapors emanating from the sludges (Ref. 17). 

Remedial action consisted of the removal of radioactive 
contamination from the contaminated areas. A total of 20 yd3 of 
waste was generated during remedial action. This material was 

disposed of as low specific activity waste at the DOE Hanford 
Reservation. FigUKeS showing the areas in which remedial action was 
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performed are provided in Exhibit III of this certification docket. 

“.- 

Four types of remedial action were performed at the NGA. One 
procedure involved the decontamination of surfaces containing 
removable contamination by vacuuming the surface with a 
high-efficiency filtered exhaust or by cleaning the area with a 
cloth. This procedure was used to decontaminate the ceiling in 
Room 1. 

The second type of remedial action was the removal of fixed surface 
contamination by sanding, grinding, or scabbling the contaminated 
area as appropriate. These activities were conducted in Rooms 1, 
lA, lE, 5, 5J3, S201, S202, S212, S213, S215, and S234. 

The third type of remedial action involved the removal of 
contaminated sludges that contained both radioactive and 
nonradioactive wastes and had a low flash point (70°F). The 
decontamination process required several steps. First, the sludges 
were removed from the six catch basins using a non-sparking shovel. 
Then the catch basin walls were sandblasted to remove all 
contamination adhering to the walls. Finally, a high-pressure, 
low-volume water pipe cleaning system was used to decontaminate all 
pipes extending from each catch basin. A portion of the main pipe 
between Catch Basins 3 and 4 could not be decontaminated with the 
pipe cleaning system: this segment was removed and disposed of. 

The fourth type of remedial action conducted at the site was the 
removal of contaminated soil from the area outside the armory 
building and the area between Catch Basins 3 and 4 (where the main 
pipe was removed). 

Wastes removed from the NGA during remedial action were placed in 
55-gal steel drums for disposal. The sludges from the catch basins 
contained mixed wastes which were treated to elevate the flash point 
and were solidified for disposal off-site. All wastewater generated 
from remedial action activities was placed in drums and temporarily 
stored on-site. 
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5.3 POST-REMEDIAL ACTION MEASUREMENTS 

W .  After the soil containing the radioactive contaminants was removed 
and remedial action was complete, a post-remedial action survey was 
conducted to determine whether the remedial action was successful in 
removing radioactive contamination that exceeded existing DOE 
guidelines. Detailed post-remedial action data are contained in the 
post-remedial action report (Ref. 17). The post-remedial action 
survey was performed using the procedures described below. 

5.3.1 Outdoor Areas 

The primary method of ensuring that the outdoor area was cleaned up 
in compliance with DOE cleanup guidelines was to take soil samples. 
These samples were analyzed in a laboratory to determine the 
concentrations of radium-226, thorium-232, and uranium-238. 

5.3.2 Interior Surfaces 

Methods for determining the effectiveness of remedial action 
performed on interior surfaces of the building included measuring 
direct alpha and beta-gamma activity, and scanning for both alpha 
and beta-gamma activity to ensure that no isolated areas of 
contamination remained. 

5.3.3 Catch Basins 

Direct alpha and beta-gamma readings were taken inside all catch 
basins except Catch Basin 3, which was removed and replaced. 

5.4 VERIFICATION ACTIVITIES 

- 

The IVC is responsible for preparing a generic plan outlining the 
procedures to be used during verification activities. The IVC 
conducted two types of verification reviews for NGA. Type A reviews 
were performed by reviewing post-remedial action data and 
radiological contractor data, as well as the analysis of some 
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samples. Type B verification reviews consisted of a site visit and 
survey that included direct measurements and sampling. 

5.5 PUBLIC AND OCCUPATIONAL EXPOSURES 

5.5.1 Public Exposure 

Measurements taken following the completion of remedial action at 
the NGA indicate that radiological exposure to the public is less 
than 100 mrem/yr above the background level. This total dose 
includes exposures from all pathways. 

5.5.2 Occupational Exposure 

A health physics program was conducted during remedial action; it 
consisted of contamination control, management of occupational 
exposures, and radiological monitoring of construction activities 
(Ref. 17). 

Exposure to External Gamma Radiation 

Personnel were monitored for external gamma exposure during the 
remedial action work at the NGA. Exposure levels for all 
individuals working at NGA were below the limit of detectability. 

Internal Exposure 

During the remedial action at the NGA, 94 bioanalyses were performed 
to monitor the potential exposure of personnel to airborne 
radionuclides such as radium-226, natural uranium, polonium-239, 
thorium-232, and thorium-230. None of the samples exhibited 
radionuclide concentrations exceeding the minimum action level to 
warrant re-sampling. With a total of 225 measurements, 
post-remedial action air particulate concentrations ranged from 
1.0 x 10 -14 -14 to 9.8 x 10 uCi/ml- The average concentration 
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was 3.7 x 10 -14 uCi/ml. The most restrictive standard for 
uranium-238, the principal contaminant of concern, is 
1 x lo-l3 uCi/ml (Ref. 21). 

5.6 COSTS 

Costs associated with the remedial action performed at the NGA are 
given in Table 5-l. 
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TABLE 5-l 
REMEDIAL ACTION COSTS 

FOR THE NATIONAL GUARD ARMORY 

Activity 
Fiscal Year ($) 

1987 1988 1989 

Site Characterization 

Preliminary Engineering 

NEPA 

Design Engineering 

Site Access 

Remedial Action 

Transportation 

Surveillance/ 
Maintenance 

Final Report 

TOTAL FOR FISCAL YEAR 

TOTAL COST INCURRED (Estimated): 

$1,570,500 

438,000 47,000 

-o- -o- 

47,000 -o- 

-o- -o- 

500 -o- 

616,000 180,000 

2,000 -o- 

37,000 -o- 

-o- 

-o- 

-o- 

-o- 

-o- 

-o- 

50,000* 

-o- 

-o- 135,000 38,000 

1,140,500 362,000 68,000* 

*Estimated 1989 cost 
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GLOSSARY 

Alpha-emitting - See radiation. 

w. .  

.^ 

Background Radiation - Background radiation refers to naturally 
occurring radiation emitted from either cosmic (e.g., from the sun) 
or terrestrial (e.g., from the earth) sources. Exposure to this 
type of radiation is unavoidable and its level varies greatly 
depending on geographic location: e.g., New Jersey typically 
receives 100 mrem/yr, Colorado receives about 300 mrem/yr, and some 
areas in South America receive up to 7000 mrem/yr. Naturally 
occurring terrestrial radionuclides include uranium, radium, 
potassium, thorium, etc. (see definition of radionuclide below). 
These dose levels do not include the concentrations of naturally 
occurring radon inside buildings. 

Beta-gamma-emitting - See radiation. 

Centimeter - A centimeter (cm) is a metric unit of measurement for 
length: 1 inch is equal to 2.54 cm: 1 foot is equal to approximately 
30 cm. 

Contamination - Contamination is used generally to mean a 
concentration of radioactive materials in the soil exceeding 
naturally occurring levels. Contamination may or may not exceed the 
DOE cleanup guidelines. 

Counts per minute - A count is the unit of measurement registered 
by a radiation detection instrument when radiation imparts its 
energy within the sensitive range of the detector probe. The number 
of counts registered per minute can be related to the number of 
disintegrations per minute occurring from a radioactive material. 
See the definition of disintegrations per minute. 

Disintegrations per minute - Disintegrations per minute (dpm) is 
the measurement indicating the amount of radiation being released 
from a substance per minute. See the definition of picocurie. 
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Dose -  Dose as used in this  report is  actually dose equivalent and 
is  used to relate absorbed dose (mrad) to an effec t on the body. 
Dose is  measured in mrem. For the purpose of comparison, a dose of 
500,000 mrem to the whole body within a short time causes death in 
50 percent of the people who receive it; a dose of 5,000,O O O  mrem 
may be delivered to a cancerous tumor during radiation treatment: 
normal background radiation results  in an annual dose of about 
100 mrem; DOE radiation protection s tandards limit the dose to 
members of the general public  to 100 mrem/yr above background 
levels ; liv ing in a bric k  house results  in a dose of about 
75 mrem/yr above the background level. 

Exposure rate -  Exposure rate is  the rate at which radiation 
imparts energy to the air. Exposure is  typically  measured in 
microroentgens (uR) ,- and exposure rate is  typically  expressed as 
uR/h. The dose to the whole body can be approximated by multiply ing 
the exposure rate by the number of hours of exposure. For example, 
if an indiv idual were exposed to gamma radiation at a rate of 
20 uR/h for 168 hours per week (continuous  exposure) for 52 weeks 
per year, the whole-body dose would be 170 mrem. 

G amma Radiation -  See radiation. 

Gram - A gram (g) is  a metric unit of weight. There .are 454 g in 
1 pound, and 28 g in 1 ounce. 

Meter -  A meter (m) is  a metric unit of length: 1 m is  equal to 
approximately  39 inches. 

Microcur ie -  A microcur ie (uCi)  is  l,O O O ,O O O  picocur ies  (see 
definition of picocur ie for additional explanation). 

Microroentgen -  A microroentgen (uR) is  a unit used to measure 
radiation exposure. For further information, see the definition of 
exposure rate. 
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Milliliter - A milliliter (ml) is a unit of measure for volume. 
There are 3785 ml in 1 gallon. 

Millirad - The millirad (mrad) is used to indicate the amount of 
energy imparted by radiation to a unit of mass. An absorbed dose 
rate is expressed in terms of mrad per hour (mrad/h). 

Millirem - The millirem (mrem) is the unit used to measure 
radiation dose to man. The DOE dose limit is 100 mrem above 
background radiation levels within any one-year period for members 
of the general public. Naturally occurring radioactive substances 
in the ground result in a yearly exposure of about 100 mrem to each 
member of the population. To date, no difference can be detected in 
the health of population groups exposed to 100 mrem/yr above 
background and in the health of groups who are not exposed. 

Picocurie - A picocurie (pCi) is the unit of measure for 
radioactivity, just as an ounce is a unit to measure weight. A 
measurement of 1 pCi means that one radioactive particle is released 
on the average of every 27 seconds. 

Radium-226 - Radium-226 is a naturally occurring radioactive 
material that spontaneously emits alpha radiation. 

Radiation - There are three primary types of radiation: alpha, 
beta, and gamma. Alpha radiation travels less than an inch in air 
before it stops. Alpha radiation cannot penetrate the outer layer 
of skin on the body. Beta radiation can penetrate the outer layers 
of skin, but cannot reach the internal organs of the body. Gamma 
radiation is the most penetrating type and can usually reach the 
internal organs. 

Radionuclide - Radioactive elements are also referred to as 
radionuclides. For example, uranium-235 is a radionuclide, 
uranium-238 is another, thorium-232 another, and so on. 
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Remed ia l  A ct ion -  Remed ia l  ac tio n  is a  gene ra l  te r m  used  to  m e a n  
“c leanup  o f con ta m ina tio n  th a t exceeds  D O E  gu ide l ines.” It re fe rs  
to  any  ac tio n  requ i red  to  b r ing  a  p rope r ty into comp l i ance  with 
app l i cab le  D O E  cr i ter ia a n d  s tandards  es tab l i shed  to  p ro tec t m e m b e r s  
o f th e  gene ra l  pub l ic  a n d  occupan ts o f th e  p rope r ty. In  p rac tice, 
th is  m a y  m e a n  remov ing  g rass  a n d  soil, cu ttin g  trees, r emov ing  
aspha l t, e tc. Remed ia l  ac tio n  a lso  inc ludes  restor ing r emed i a te d  
p rope r ties  to  the i r  o r ig ina l  cond i tions , to  th e  ex te n t th a t th is  is 
poss ib le .  

U ran i um  - U ran i um  is a  n a tura l ly  occurr ing,  rad ioac tive e l e m e n t. 
The  pr inc ipa l  use  o f u r an i um  w h e n  re fin e d  is fo r  th e  p roduc tio n  o f 
fue l  fo r  nuc lea r  reac tors. U ran i um  in  its n a tu ra l  fo r m  is n o t 
su i tab le  fo r  use  as  a  fue l  sou rce . 

Work i ng  Leve l  -  Wo rk i ng  leve l  (WL )  is a  un i t o f m e a s u r e m e n t fo r  
th e  a m o u n t ene rgy  e x p e n d e d  in  a i r  by  r adon  o r  its rad ioac tive decay  
p roduc ts. The  te r m  was  de r i ved  to  measu r e  r adon  p rogeny  
concen trat ions to  wh ich  u r an i um  m iners  we re  exposed . 
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PREFACE 

For the convenience of the reader, Exhibit II is paginated 
continuously. Each page number begins with the designator “II-” to 
distinguish the numbering system used for Exhibit II from the 
individual numbering systems used in the documents comprising 
Exhibit II. The Exhibit II page numbers on which the individual 
documents begin are given on pages ii and II-iii of this docket. 
These page numbers are also listed on the title page introducing 
each subpart of Exhibit II. 
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E xhibi t  II (1 )  -  Decon ta m ina tio n  o r  S tabi l izat ion Cr i ter ia 

The  fo l low ing  d o c u m e n ts con ta in  th e  gu ide l ines  th a t d e te rm ine  th e  
n e e d  fo r  r emed ia l  ac tio n . The  subject  p rope r ty has  b e e n  
decon ta m ina te d  to  comp ly  with these  gu ide l ines.  The  first d o c u m e n t 
l isted is i nc luded  as  Append i x  A  to  E xhibi t  I. The  second  a n d  th i rd  
d o c u m e n ts a re  i nc luded  in  th is  exhibit .  

P a q e  

U .S . Depa r tm e n t o f Ene rgy . U .S . Depa r tm e n t o f Ene rqv  
G u ide l ines  fo r  Res idua l  Rad ioac tivity a t Fo rmer l y  
U ti l ized S ites  Remed ia l  A ct ion P roq ram  a n d  R e m o te  
Su rp lus  Faci l i t ies M a n a g e m e n t P roq ram  S ites ," Rev . 2 , 
Ma r ch  1 9 8 7 . 

U .S . Depa r tm e n t o f Ene rgy . Des iqn  Cr i ter ia fo r  
Fo rmer l y  U ti l ized S ites  Remed ia l  A ct ion P roq ram  
( F U S R A P )  a n d  Su rp lus  Faci l i t ies M a n a q e m e n t P roq ram  
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-* PREFACE TO DESIGN CRITERIA 

-_ 

These design criteria have been written in a generic form that 
summarizes criteria applicable for remedial action and long-term 
management activities associated with the radioactive wastes at the 
FUSRAP and SFMP sites. Site-specific information is provided in the 
appendices to this generic document. As a specific scope of work 
for a site is determined, design bases and work plans for each of 
the sites will be developed. 

Appendix A contains definitions of terms used in these design 
criteria and referenced documents. Appendix B provides a listing of 
FUSFAP and SFMP sites by \JBS number and contains estimated waste 
quantities at the sites. Appendix C contains the residual 
contamination and waste control criteria. Appendix D lists site 
information for specific sites which will be required as a remedial 
action for the specific site is developed. This information will be 
included in the work plan for each site. 

The design criteria will be referenced by the designation 
14501-OO-DC-01. 

These design criteria will be periodically revised, as appropriate, 
to reflect new practices, additional information, revisions of 
applicable regulations, and standard revisions. 

---, ** --- 
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1.0 INTRODUCTION 

,,..d, 

1.1 SCOPE 

This document defines the design criteria for the identification of 
materials, evaluation of remedial action alternatives, selection of 
design parameters for site cleanup remedial actions and interim 
storage, and long-term management methods for handling FUSRAP and 
SFMP radioactive wastes. 

1.2 OBJECTIVE 

The primary objective of the Formerly Utilized Sites Remedial Action 
Program (FUSRAP) and Surplus Facilities Management Program (SFMP) 
projects is to stabilize, decontaminate, and/or dispose of FUSRAP 
and SFMP derived wastes in such a manner as to minimize the 
radiological risks posed by these wastes and to enable certification 

of the cleaned up FUSRAP and SFMP sites for unrestricted future 
use. At some sites, remedial action may be in situ long-term 
management with monitoring as necessary to detect any contaminant 
migration from the site in excess of radiological design criteria. 
At other sites, an interim storage program may be established until 
a decision for final disposition is made. 

1.3 DEFINITIONS 

Appendix A contains definitions of terms that are used in these 
design criteria as well as in the referenced documents. 

1.4 CHANGES TO CRITERIA 

The criteria for FUSRAP and SFMP remedial actions set forth in this 
document are based on elements of various federal orders, 
regulations, and standards that may be subject to change. This 
document will be revised to reflect changed criteria as authorized 
and approved by DOE. 

1 
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2.0 APPLICAELE DOCUMENTS 

2.1 GENERAL 

The intent of these design criteria is to use DOE Orders where 
applicable. Applicable orders, regulations and standards, and 
sections thereof, as well as industry standards, will be 
investigated on a site-specific basis to formulate the design bases 
for the specific site. - 

2.2 FEDERAL ORDERS, REGULATIONS, AND STANDARDS 

The following federal orders, regulations, and standards contain 
elements that are generally applicable to the FUSRAP and SFMP 
projects, and are summarized for these criteria. 

2.2.1 Quality Assurance 

.~ 

-. 

_- 

.-. 

*- 

DOE Order 5700.6A--Quality Assurance and DOE/OR-FUSRAP-82-001 
Plan for Quality Assurance. The Project Quality Assurance Program , 
complies with DOE Order 5700.619, and the FUSRAP Plan for Quality 
Assurance (DOE/OR-FUSRAP-82-001). 

For each remedial action site, and interconnecting activities (such 
as transportation), a formal evaluation (Quality Assurance 
Assessment) will be made of the consequences of failure of equipment 
and facilities to perform  satisfactorily in service. This 
Assessment, which will be an adjunct to design engineering with 
subsequent modifications as may be required, will give full 
consideration to safety, environment, costs, schedule delays, 
programmatic goals, public reaction, or any other factor important 
to achieving project objectives. 

When the formal evaluation indicates that consequences of failure 
may be unacceptable, significant, or unknown and the probability of 
failure is high or unknown, additional deliberate actions to find 

2 
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.- 

and prevent quality problems are mandatory. The addit ional act ions 
to assure quality of design and engineering, and particularly to 
assure implementat ion of that design and engineering, will be 
documented using a Quality Action Plan. 

2.2.2 Radiation Protection 

DOE Order 5480.1A. This order establishes control over the 
environmental protection, safety, and health protection programs. 
Chapter XI, Requirements for Radiation Protection, Attachment XI-l, 
defines radiation protection guides for concentration in air and 
water above natural background which will be used as criteria for 
releases from DOE’s FUSRAP and SFMP operations. Chapter XII, 
Prevention, Control, and Abatement of Environmental Pollution, 
provides requirements for the control of sources of environmental 
pollution in accordance with the substantive and procedural aspects 
of all applicable federal, state, and local pollution control 
standards. 

DOE Order 5480.2-- Hazardous and Radioactive Mixed Waste Managernent. 
This order establishes hazardous waste management procedures for 
facilities operated under authority of the Atomic Energy Act of 
1954, as amended (AEA). The procedures will follow, to the extent 
practicable, regulations issued by the Environment al Protect ion 
Agency (EPA) pursuant to the Resource Conservation and Recovery Act 
of 1976 (RCRA). 

DOE Order 5481.1--Safety Analysis and Review System. This DOE Order 
establishes requirements for the preparation and review of safety 
analyses for each DOE operation, including: identification of 
hazards and their elimination or control; assessment of risk; 
documented management authorization of operation; and transport at ion 
of hazardous materials. 

3 
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Elements of the DOE Orders and federal regulations mentioned in the 
following sections provide technical guidelines for long-term, 
near-surface land burial facilities and ancillary facilities. 

DOE Order 6430.1 --General Desiqn Criteria Manual. This order 
contains basic architectural and engineering design requirements for 
new DOE facilities; provides technical specification requirements; 
and outlines planning and design requirements for new facilities, 
facility additions, facility alterations, and building acquisitions 
to achieve economy of construction, operation, and maintenance. 

40 CFR 192--Standards for Remedial Action at Inactive Uranium 
Processing Sites. This regulation defines remedial action criteria 
for inactive uranium processing sites. Some elements of these ,m- 
standards are applicable to the FUSRAP and SFMP programs. Service 
life of a mill tailings disposal site is defined in this regulation 
and has been adopted for FUSRAP and SFMP projects. Specific service 
life and release control requirements for interim storage sites and 
long-term management sites are noted in Section 3.2 of these Design 
Criteria. 

2.2.4 Handling, Transportation, and Storage 
* 

- 
DOE Order 1540.1 --Materials Transportation and Traffic Manaqenent. 
Hazardous materials at FUSRAP and SFMP sites shall be shipped in 

,- accordance with DOE Order 1540.1. This document outlines DOE’s 
policies and procedures for the management of materials 

.- transportation to ensure that it is accomplished in a manner 
commensurate with: 

(1) Operational requirements for transportation services 

(2) Established practices and procedures for transportation 
safety, economy, efficiency, and cargo security 

4 
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(3) The National Transportation Policy as established by 
Congress and cognizant federal agencies 

(4) Applicable federal, state, local, and international 
transportation regulations. 

Intra-building and intra-site transfers are excluded from the 
provisions of this order. 

,- 

.-I~ 

.- 

*- 

.,- 

,- 

.e- 

I-._ 

.- 

-- 

.!.- 

DOE Order 5480.1A--Environmental Protection, Safety, and Health 
Protection Program for DOE Operations. Chapter 3 of this Order 
contains safety requirements for packaging of fissile and 
radioactive material. It also defines the requirements for design, 
evaluation, and testing of containers used for the transport of 
DOE’s fissile and radioactive materials. 

49 CFR 171-179--Transportation of Hazardous Materials. These 
regulations specify requirements for bulk shipments of uranium or 
thorium ores and physical or chemical concentrations of those ores 
and uranium metal or natural thorium metal, or alloys of these 
materials. 

2.2.5 Health and Safety 

Occupational Safety and Health Administration (OSHA) 29 CFR 1910. 
This section contains the health and safety regulations for general 
industry. 

Occupational Safety and Health Administration (OSHA) 29 CFR 1926. 
This section establishes the general health and safety regulations 
for construction. 

2.2.6 Surveys 

Surveys for characterization and remedial action will be performed 
in accordance with the following specifications. 

5 
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National Oceanic and Atmospheric Administration (NOAA). 

0 “Classification, Standards of Accuracy, and General 
Specifications of Geodetic Control Surveys” 

0 ‘specification to Support Classification, Standards of 
Accuracy, and General Specifications of Geodetic Control 
Surveys’ 

0 “Manual of Geodetic Triangulation,” ‘Specification 
Publication No. 247 

U.S. Department of Interior (USDI) ‘Manual of Instructions for the 
Survey of Public Lands of the United States,” 1973, Bulletin 6. /;\ 

2.2.7 Weather 

National Oceanic and Atmospheric Administration. ‘Comparative 
Climatic Data for the United States through 1982,” 1983. 

2.3 STATE AND LOCAL REGULATIONS 

State and local regulations governing handling, transportation, and 
storage of radioactive materials generally follow federal orders and 
regulations, but may vary depending on whether the particular state 
is an “Agreement State’ under the Atomic Energy Act Of 1954, as 
amended. DOE regulations will be followed, and state and local 
regulations will be reviewed on a site-specific basis. 

2.4 DESIGN CODES, GUIDES, AND STANDARDS 

The following industry and national codes, standards, and guides, as 
applicable, will also serve as guidelines For the Design Criteria 
for FUSRAP and SFMP: 

0 American Association of State Highway and Transportation 
Officials (AASHTO) 

0 American Concrete Institute (AC11 

IL I 
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0 American Conference of Government Industrial Hygienists 
(ACGIH) 

0 American Institute of Steel Construction (AISC) 

0 American National Standards Institute (ANSI) 

o American Nuclear Society (ANSI 

0 American Petroleum Institute (API) 

0 American Railway Engineering Association (AREA) 

II.- 

“._ 

- 

.- 

<...“. 

-, 

.- 

0 American Society for Testing and Materials (ASTM) 

0 American Society of Heating, Refrigerating, and Air 
Conditioning Engineers (ASHRAE) 

o American Society of Mechanical Engineers (ASME) 

o American Water Works Association (AWWA) 
. 

0 American Welding Society (AWS) 

0 Institute of Electrical and Electronic Engineers (IEEE) 

0 Interstate Commerce Commission (ICC) 

0 Illuminating Engineering Society (IES) 

0 National Electrical Code (NEC) 

0 National Electrical Manufacturers' Association (NEMA) 

o National Electrical Safety Code (NESC) 

0 National Fire Protection Association (NFPA) "National Fire 
Code" 

o National Geodetic Survey (NGS) 

o National Standard Plumbing Code (NSPC) 

0 Occupational Safety and Health Standards (OSHA) 

0 Underwriters' Laboratory (UL) 

o Uniform Building Code (UBC) 

0 U.S. Army Corps of Engineers Dredging Documents 

o U.S. Geological Survey (USGS) 

7 
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3.0 DESIGN REQUIREMENTS 

3.1 GENERAL 

FUSRAP work may involve remedial action at a number of sites. The ,I 

currently designated FUSRAP and SFMP sites are listed in Appendix B; 
c 

waste characteristics and estimated volumes at each site are also 

.- 

“.S 

- 

given. 

Additional sites may be added or deleted with passage of federal 
legislation; therefore, the list of sites may be subject to 
revision. The specific type and quantity of contaminated material 
at each site, as well as geologic, meteorologic, and other site 
conditions affecting the design and design approach, differ from 
site 

3.2 

to site. 

RADIOLOGICAL DESIGN CRITERIA 

The proposed DOE Interim Residual Contamination and Waste Control 
Guidelines for FUSRAP and SFMP sites are summarized in Appendix C. 
This criteria should be followed in defining cleanup requirements, 
developing remedial action plans, and performing and verifying field 
remedial actions. 

3.3 SPECIFIC SITE CONDITIONS 

The following information is required for each site and will be 

completed before or during detailed design and engineering of 
disposal facilities. 

3.3.1 Scope of Work 

The Scope of Work for the needed remedial actions must be clearly 

defined. This may be initiated with the preparation of the 
Preliminary Engineering Evaluation Report for each site with a 

8 
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Design Basis , or as  a separate document. It will be in accordance 
with the waste management plan outlined in Section 3.3.4 of these 
Design Criteria. 

3.3.2 State and Local Regulations 

In consultation with appropriate DOE-OR0 personnel, applicable s tate 
and loca l regulations  and ordinances will be reviewed to determine 
requirements to achieve compliance with health, safety, and 
environmental regulations . Construction permits and loca l property 
access  agreements will be obtained as required. Any permits, 
licenses, or other authorization required by federal, s tate, or 
loca l environmental protection statutes, or any other legal 
authorizations required by DOE, will be obtained by DOE, Oak  Ridge 
Operations. 

.- 

3.3.3 Site Information 

Define the s ite conditions  for each s ite as necessary for design 

I decis ions . Parameters that may be needed inc lude the following (see 
Appendix D for detailed requirements): 

0 Property surveys,  easements, and datum 

0 W ater leve ls  

0 Precipitation 

0 Humidity  
- 

0 Groundwater table 

0 Frost penetration 

0 Ice  conditions  

0 Air temperature 

0 Noise leve ls  

0 W inds  

0 Seismology  

9 
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0 Soil and foundation conditions 

0 Site historical information (including past and current use; 
as-built design drawings of buried utilities, structures, and 
systems ; and existing monitoring systems). 

3.3.4 Waste Characterization 

Complete information on the type, quantity, and existing disposition 
of the radioactive wastes at any given site will usually be required 
prior to initiation of the Preliminary Engineering Evaluation Report 
or detailed design. If data and information in existing reports is 
not complete, or possibly out of date, additional characterization 
survey work may be required. Examples of additional 
characterization, to be planned by Bechtel and approved by DOE on a 
site specific basis and according to a predetermined need, include 
the following: 

0 Location and depth of buried wastes. 

0 Radiological, physical, and chemical characteristics of 
wastes in ponds, under surface water, and/or in groundwater. 

0 Extent of radiological migration, groundwater flow patterns, 
and seasonal variations. 

0 Wastes/contamination in building structures that may be 
scheduled for dismantlement or demolition. 

3.3.5 Support Facilities 

The identification of the needed temporary and/or permanent support 
facilities will be made and may include the following: 

0 Security 

0 Contamination control 

P. 

0 Structures 

0 Equipment 

0 Water treatment and control 

10 
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0 Utilities 

0 Access routes 

0 Monitoring system 

0 Document control 

0 Administration 

“,-  

3.3.6 Waste Transportation 

The following facets for transporting the waste materials will be 

investigated as applicable: 

*- 

._,.* 

0 Waste form and quantity to be transported 

0 Mode of transportation 

0 Packaging and control 

0 Transportation routes 

0 Local traffic patterns and impact on community. 

11 
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APPENDIX A 

.- 
DEFINITIONS 

/- Abbreviations/Terms 

.- AEC 

alpha particle 

Definitions 

Atomic Energy Commission 

A positively charged particle emitted from 
certain radioactive material. It consists 
of two protons and two neutrons, hence is 
identical with the nucleus of the helium 
atom. It is the least penetrating of common 
radiation, hence is not dangerous unless 
alpha-emitting substances have entered the 
body. 

background radiation Naturally occurring low-level radiation to 

which all life is exposed. Background 
radiation levels vary from place to place on 
the earth. 

beta particle 

- 

BK I 

.- 

,11 

A particle emitted from some atoms 
undergoing radioactive decay. A negatively 
charged beta particle is identical to an 
electron. A positively charged beta 
particle is called a position. Beta 
radiation can cause skin damage, and beta 
emitters are harmful if they enter the body. 

Bechtel National, Inc. 

A-l 
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buffer zone 

CI 

CFR 

I 
Ci 

LI 

*- contamination 

daughter product I 

decontamination 

dismantlement 

A portion of the land disposal site that is 
controlled by the licensee and that lies 
between the disposal unit and the boundary 
of the site. 

Code of Federal Regulations 

Curie (the unit of radioactivity of any 
nuclide, which decays at a rate of 3.7 x 
lOlo disintegrations/second) 

The radioactive substance which is not a 
- portion of the material into and onto which 

it is now dispersed. 

The nuclide remaining after a radioactive 
atom (parent) has undergone radioactive 
decay. A daughter atom also may be 
radioactive, producing further daughter 
products. 

The removal of radioactive material by 
chemical or mechanical means from an 
undesirable location and placement of the 
removed radioactive material in an 
acceptable form and location. 

The organized manner by which a system or 
structure is segmented into component pieces 
which can be managed. 

A-2 
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,* 
hydrogeologic unit Any soil or rock unit or zone which, by 

virtue of its porosity or permeability or 
- 

lack thereof, has a distinct influence on 
the storage or movement of ground water. 

inadvertent intruder A person who might occupy the disposal site 
unknowingly after closure and engage in 
normal activities, such as agriculture, 
dwelling construction, and other pursuits in 
which the person might be exposed to 
radiation from the waste. 

interim storage 

intruder barrier 

land disposal 
facility 

A short-term disposal having control and 
stabilization features designed to ensure, 
to the extent reasonably achievable, an 
effective life of 50 years and, in any case, 
at least 25 years at which time ultimate 
disposal will be made. 

A sufficient depth of cover over the waste 
that exposure to radiation by an inadvertent 
intruder will meet the standards for 
protection against radiation specified in 
DOE Manual 5820.1 and in 10 CFR 61, or 
engineered structures that provide 
equivalent protection to the inadvertent 

intruder. 

The land, buildings, and equipment which are 
intended to be used for the disposal of 
radioactive wastes beneath the surface of 
the land. 

A-5 
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long-term management A form of ultimate disposal and storage 

,1- involving near-surface burial of FUSRAP and 
SFMP radioactive wastes. Includes 
monitoring and corrective action, as 

.- 

necessary, to ensure that contaminants are 
not migrating from the site in excess of 

design criteria, and an institutional 
control period not less than that specified 
in 40 CFR 192. Control and stabilization 
features are designed to ensure to the 
extent reasonably achievable, an effective 
life of 1,000 years and, in any case, at 
least 200 years. 

LSA 

umhos/cm 

uR/hr 

mR/hr 

.- mrad/hr 

t! E D 

mho 

r!Pc 

Low Specific Activity - A class of 
radioactive material as defined in 
49 CFR 173.389(c). 

Micromhos per centimeter (low6 nho/cm) 

Microroentgens per hour (10B6 Whr 1 

Milliroentgens per hour (10B3 Whr 1 

Millirads per hour (10m3 rad/hr 1 

Manhattan Engineer District 

A unit of electrical conductance, the 
reciprocal of electrical resistance. 

Maximum permissible concentration as defined 
per 10 CFR 20.103. 

;- 
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1 4 5 0 1 - 0 0 - D C - 0 1  

near -su r face  d i sposa l  A  l and  d i sposa l  faci l i ty in  wh i ch  
faci l i ty rad ioac t i ve  was te  is d i sposed  wi th in  th e  

u p p e r  1 5 - 2 0  m e ters  o f th e  ear th’s sur face.  

F T E  P A  N a tiona l  E n v i r o n m e n ta l  Po l i cy  A c t 

N R C  Nuc lea r  R e g u l a to ry  Commiss i on  

nuc l i de  A  gene ra l  te r m  app l i cab le  to  a l l  a tom ic  
fo rms  o f th e  e l e m e n ts; nuc l i des  compr i se  a l l  
th e  isotop ic  fo rms  o f a l l  th e  e l e m e n ts. 
Nuc l i des  a re  d i s t i ngu ished  by  the i r  a tom ic  
n u m b e r , a tom ic  m a s s , a n d  ene rgy  state. 

pC i  /l P icocur ie  pe r  l i ter ( lo- l2  Ci/l) 

R  R o e n tg e n  (a  uni t  o f e xposu re  to  ion iz ing  
rad iat ion) .  It is th a t a m o u n t o f g a m m a  o r  
x- rays r equ i r ed  to  p r o d u c e  a n  e lectr ica l  
c ha rge  th a t is numer i ca l l y  e q u a l  to  2 .5 8  x  
lo -4  c ou l ombs /kg. 

_ x  

r ad  

;- 

radioact iv i ty  

T h e  bas ic  un i t  o f a b s o r b e d  d o s e  o f i on iz ing  
rad ia t ion.  A  d o s e  o f o n e  r ad  m e a n s  th e  
abso rp tio n  o f 1 0 0  e rgs  o f rad ia t ion  ene rgy  
pe r  g r a m  o f abso rb i ng  m a ter ia l .  

T h e  s p o n ta n e o u s  decay  o r  d is in tegra t ion  o f 
a n  u n s tab l e  a tom ic  nuc leus ,  usua l l y  
a c c o m p a n i e d  by  th e  em iss ion  o f i on iz ing  
rad ia t ion.  

A -7  
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radioactive decay 
chain 

A succession of nuclides, each of which 
transforms by radioactive disintegration 
into the next, until a stable nuclide 
results. The first member is called the 
parent, the intermediate members are called 
daughters, and the final stable member is 
called the end product. 

radon 

radon background 

radon daughter 

remedial action 

rdc 

A radioactive, chemically inert gas having a 
half-life of 3.8 days (radium-222); formed 
as a daughter product of radium (radium-226). 

Low levels of radon gas found in an area due 
to the presence of uranium or radium in soil 
and building materials. 

One of the several short-lived radioactive 
daughter products of radon. (Several of the 
daughters emit alpha particles.) 

Steps and processes that are undertaken to 
physically identify, decontaminate, 
stabilize, or otherwise provide long-term 
management of radioactive materials to 
permit certification for unrestricted public 
use of the area or site. 

Radon daughter concentration (the 
concentration in air of short-lived radon 
daughters, usually expressed in pCi/l; also 
measured in terms of working level (WL). 

A-8 
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site closure and 
stabilization 

--_ SFMP 

surveillance 

‘..A. 

Roentgen equivalent man. The unit of dose 
equivalence for all types of ionizing 
radiation which expresses the effectiveness 
of the absorbed dose on a common scale. The 
rem is the basic unit used to record the 
accumulated dose equivalent to personnel. 

Those actions that are taken upon completion 
of operations that prepare the disposal site 
for custodial care and that assure that the 
disposal site will remain stable and will 
not need ongoing, active maintenance. 

Surplus Facilities Management Program 

Observation of the disposal site for 
purposes of visual detection of need for 
maintenance, custodial care, evidence of 
intrusion, and compliance with other license 
and regulatory requirements. 

Working level. A unit of radon daughter 
exposure, equal to any combination of 
short-lived radon daughters in 1 liter of 

air, that will result in the ultimate 
emission of 1.3 x lo5 MeV of potential 

alpha energy. This level is equivalent to 
the energy produced in the decay of the 
daughter products that are present under 
equilibrium conditions in a liter of air 
containing 100 pCi of radium-222. It does 
not include decay of lead-210 (22-year 
half-life) and subsequent daughter products. 

A-9 
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WLI,! 

WBS FJO. 
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Working Level Month - An exposure to a 
one-WL concentration for 170 hours per month. 

Work Breakdown Structure identification 
sequence number designated by DOE. (See 
Appendix B for list of identification 
numbers for the specific sites.) 

A-20 
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I.151 OF FUSRAP ANU SFMP SITES 

AND 

ESTIMATED WASTE QUANTITIES(7/82) 

FUSRAP SITES 

WRS 
NO. Site Name 

Es1 Imated 
Vo I ume Concentration Radioactivity 

state Had i o i sot ape (yd3) (PCl/Y) (Cl 1 References Remarks 

lOI Acld/Puehlo NH Plutonium-239 390. II0 4.8 x 10-Z Remedial Action Soils 
Completed 

II12 Albany Resrarch OR Natural Uranium 3,ooob a d b Radioloqical 
Uranium-238 characterization 
Natural Uranium not complete 
Radium-226 

In4 Ray0 Canyon NM 1,520’ Strontium-90 FBbDU 409-317 No Excavation 
Required - Marker 
Placed 

NM N/A Remedial Action 
Not Requrred 1 l-l 

105 Chupadera 

l-l 

F: 
co ID8 F. 1. OuPonI NJ Uranium-238 

Uranium-231 
Uranium-230 

7,000 l,IUO 
I, 100 
6,600 

2.7 
0.5 
0.9 

DOE/EV-0005/e Contam. So: Is b 
Draanage Ditch 

II4 Kellex NJ 175. 

4fl,ooo 

Completed 

d 115 Niagara Falls 
Vlrlnlty 
Proprt t ies 

NY Radium-226 

117 Midailer.r*x NJ Radium-226 
LandF I I1 

BMI-2045, 2061, 
2014 

33,000 1.4 DOE/EV-0005/20 II 

1 IO rl~dnlesPx 
Sampling Plant 

NJ Radium-226 
Radium-ZZh 

3.5 
IO.5 

DOE/EV-0005/l 
57,000 

171 Pdlos I’.irk 

IS1 St. I.~lrll~. 
AI r,v” 1 

II. 

HO 

IIydr~,qen- 3 

IJ.lrl,lllll- >‘!h 

3.0 x IO3 DOE/t%-0005/7 

3r1 3.8 WE/EV-0005/16 

4 “Sill! 
fl’,,’ I,. /,,4 
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APPENDIX 6 (Cont’dj 

WAS 
No. Site Name 

Est inatcd 
Volume Concent rdt ion Radioactivity 

State RadIoisotope fydJ) fpCi/gl (Ci) References Remar LS 

CIA Radium-226 
Uranium-2J6 

PA 

400 109 5.5 ORNL-5799 
I25 6. J Dotvev-ooos/ 31 

I f 

/ 

=ted 
I I 

ruta 
ul 

125 Shpack 

126 Universal ~/lops 

129 Linda AIM 
Products 

IJO Univ. of Calif. 

IJI Univ. of Chicago 

IJ4 SLAPSS 
(Vie. Prop) 

JO 000-777 . 

9.1 a.0 II 10-Z DoE/Ev-0005/5 
26,000 149 2.88 PBLDU 409-J21 

2.1 2.0 II 10-2 

NV Radium-226 
Uranium-216 
Act iniun-227 

CA 

IL 

30. Completed 9/62 

75. 

no 13,000 

117 Wdyne/PeqUdnnock NJ Urdniua-218 
Thorium-2J2 
Thorium-228 
Radium-226 

50,000 a d 

118 MayWood 21e.000 a a NJ Uranium-2JfJ 
Uranium-215 
Urdniun-2J4 
Thor iun-2 JO 
Thor iun-2J2 
Thorium-228 
Radium-226 

I IU (‘Olrmlr NY Uranium-2 JR JO, 000 a d Rddioloqlcdl 
ChdrdCterlZdtion Not 
Complete 

trn Iln;rrluoon MO Thorium-210 
Rart~um-226 
Uranium-238 
Uranium-Z I5 
Uranium-214 

61,000 d d RadiologIcal 
Survey Nut 
Avar Iable 

TIII .,I Vf~lume lll!;PAl’ 618.6511 
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APPENDIX D (Cont’d) 
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WRS 
No. Site Ndme 

Estimated 
Volume Concentration Radioactivity 

State Radioisotope lyd’) fpCi/g) (Ci) References Remarks 

201 Weldon Spring 
StOrdCJe site 

0 Rdff i ndte Pits 

0 Oudrry 

0 Vicinity 
Propert ice 

2112 Nidqdrd FdllS 

Stordqe Site 

NO 

NdtUrdl Uranium 
and Thorium, 
Radium-226 
NdtUrdl Urdni 
and Thorium, 
Radium-226 
NdtUrdl Urdni’ 
Radium-226 

NY Radium-226 
Uranium-216 

Total Volumes SPRP 

Ulll 

UII) 

220,500 

130,600 

102,oo 

21a,ooo 

671,300 

024 DOE/OR/20722-5 Sludge volume 

940 DOE/OR/20722-1 (Includes contami- 
nated residues, 
soils and rubble1 

i 

dXctual waste volume 

t’Volurrrs dre from Project Plan 

CTnformdtion is unknown dt this time. 
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U.S. OEPARMNT OF ENERGY GUIDELINES 
FOR RESIDUAL RABIOAC7IVIlY Al 

FORMERLY UTIlILED SITES REMEDIAL ACTION PROGRAM 
AN0 

REMOTE SURPLUS FACILITIES MANAGEMENT PROCRAU SITES 

(Rev. 1, July 1985) 

A. INTRODUCfION 

This document presents U.S. Ocparthcnt of Energy (DOE) rrdiologicrl 
protection guidtlinrs for clarnup of residual tidiorctive Istwirls and 
arnrgement of the resulting wastes rnd residues. It is rpplicrblr to sites 

l identified by the Formerly Utilized Sites Remedial Action Progru (FUSRAP) and 
remote sites identified by the Surplus Frcllitias Management Program (SFHP).* 
The topics covered are basic dose limits, guidelines and authorized limits for 
allowable levels of residual rrdiorctivity, and requirements for control of 
the rrdforctfvt wastes and residues. 

sites 
Protocols for identification, chatrckritrtion, and designation of FUSRAP 

for remedial action; for i~plmcntrtion of the rcmedirl rction; rnd for 
ctrtificrtion of 8 FUSRAP site for release for unrestricted use are given In a 
srprrrte docunnt (U.S. Dept. Entry 1984). More detriled inforution on 
applications of the guidelines presented herein, including procedures for 
der!ving site-sptcific guidelines for 8llourblt levels of residual radio- 
rctivity from basic dose limits, 4% contained in 8 suppl~nkry docutnt- 
referred to herein 8s the .supplementg (U.S. Dept. Energy 1985). 

"Residual rrdiorctivity" Includes: (1) msidurl concentrrtions of trdio- 
nuclides In sol1 material,** (2) concenttrtions of rfrbome trdon decay 
products, (3) external gam8 trdfrtfon level, and (I) surface contminrtion. 
A mbasic dose limit" is a prescribed strndrrd fr# which limits tot qurntities 
thrt can be monitond and controlled are derived; it is specified In terms of 
the effective dose l quiv8lent as defined by the International Comission on 
Radiological Protection (ICRP 1977, 1978). Basic dose limits are used 
explicitly for deriving guidelines for residual conctntrrtions of radio- 
nuclidcs in soil material, except for thoriua rnd radium. Guidelines for 

"A remote SFMP site is one that is excess to DOE programmatic wads and is 
located outside 8 major operating DDE research and development or production 
area. 

**The term M soil material" refers to all material below grade level after 
rtmcdirl action is coapletad. 

II-31 
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nridurl concenttrtions ‘of thotiu and tadi- rnd for th other three quanti- 
ties (ritborno r8don du8y products, extern81 g8m8 rrdirtion level, and 
surfrce contuinrtion) rre based on existing rrdiologic8l protection skndrrds 
(U.S. Environ. ?rot. Agency l-3; U.S. Wucl. Reg. Cm. 1W). These strndrrds 
8re rssued to be consistent with brsic dose llmits rithln tho uncertainty of 
derivations ot levels ot residual r8diO8CtiVity troll brric limits. 

A “guide1 ine” tor residurl rrdforctivity is 8 level of nsfdur\ rrdio- 
activity th8t is rccepkble it the use ot the site is to be unrrstrictod. 
Guidelines tot residual rrdio8ctivity pre\ented herein rn ot two kinds: 
(1) generic, sitr-independent guidelines taken tram existing rrdirtion protec- 
tion rtrndrrds, l d (2) site-specific guidelines deriveu tram brsfc dose 
limits using site-specific models and d8t8. Generic guideline values are 
pwsentcd in this docutnt. Procedures and drk for deriving site-specific 
guideline vrlues 8re given in the supplement. 

__ 

^. 

- 

- 

An *ruthotized timIt" is 8 level of residurt r8diorctivity thrt must not 
be exceeded if the remedial action is to be consibrnd completed. Under 
nom81 circumst8ncts, expected to occur rt Best sites, 8uthorired 1 imits for 
reSidU81 r8diO8CtiVity (Ire Set l qU81 t0 guideline V81UtS. EXCepttOM condi- 
tionr for which ruthorired lirrits might differ from guIdeline values are 

*specified in Sections 0 8nd F. A Site uy be nlrrsed for unrestricted use 
only if the rtsfdurl r8diO8CtiVity does not tXC88d guideline values at the 
time remedi8l rction 1s completed. Restrictions and controls on use of tht 
site rust be established and enforced if the resldurl +rdiorctlvlty exceeds 
guide1 ine vrluer. The 8ppl iC8bl l Control S rnd rMtriCtlOnS 8re speck fled in 
Section E. 

WE policy requires thrt r\\ exposures to rrdi8tion be limited to levels 
th8t 8re 8S low 8s rersonrbly rchievrble (AURA). Iqlmentrtion of AURA 
policy is specified 8s procedures to be applied rftar 8uUwriied limits have 
been set. For sites to be released tot unrestricted usa, the intent is to 
nduce residual rrdioactIvtty to levels that an 8s far kl# rutlwired 
limits as nrsonrble considering technical, econmic, ud socicrl Iactors. At 
sites them the nSidu81 rrdiorctivity is not reduced to levels th8t permit 
nlerse tor unrestricted use, AURA policy is Igltaented by establishing 
controls to reduce exposure to leVel% that 8m 8S luu 8s 4s m8SOWb’ly 
8thf l v8bl l . Procedures for iglementing ALMA policy 8m described In the 
suppleoent. Aulu palicirs, procedures, rnd rctions Bust be ckurnted 8nd 
filed 8S 8 perunent record upon completion ot nr+dirl ution 8t 8 site. 

8. 8ASIC DOSE LIMITS 

The b8SiC limit for the rnnurl rldirtion dose received by rn individual 
member of the generrl public is SO0 wea/yr for 8 period of exposure not to 
l xcetd 5 yerrs rnd rn 8vtrrge of 100 l remfyr over 8 lifetime. The couaitted 
effective dose equivalent, 8s defined in ICRP Pub1 icltion 26 (ICRP 1977) 8nd 
calculrtcd by dosimetry models described in ICRP Publicrtion 30 (ICRP 1978). 
shall be used for dtttmining the dose. 

II-32 
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C. GUIDELINES FOR RESIDUAL RADIDAC~IVITV 

C.1 Residurl R8dionuclidts in Soil U8terl81 

14501-00-DC-01 

keSidU81 concenttrtIonr of rrdionuclides in soil ut8rirl Shall be speci- 
tied 88 rbove-brckground concentr8tions 8VeT8ged ovor @n 8re8 of ID0 a*. If 
the concentrrtion In my 8re8 is found to exceed the rverrge by 8 f8ctor 
gre8ter thrn 3, gUidelSner for locrl concentrrtions sh811 81~0 be 8pplic8ble. 
There “hot spot” guidelines depend on the extent ot the elevrted 10~81 concen- 
trrtions rnd 8re given in tht supplement. 

The generic guidelines for residurl concentrrtions of Th-232, Th-230, 
R8-228, rnd R8-226 are: 

- S pCi/g, 8Vtr8ged over the first 15 cm of soil below the surfrct 

- 15 pci/g, 8Ver8ged over 15cm-thick \ryers ot so4 1 aore th8n 
1S cm below the surfrce 

Thtse guidelines trke into iccount ingrowth of R8-226 froa Th-230 8nd of 
R8-228 from fh-232, 8nd 88s~ seculrr equilibrium. If ejther Th-230 8nd 

- R8-226 or Th-232 8nd RI-228 8re both present, not fn seculrr equilibrium, the 
guidelines rpply to the higher concentrrtion. If other mixtures ot rrdio- . 
nucl ides occur, the concentrrtions ot indivIdu81 rrdionuclides Sh8ll be 
reduced so thrt the dose tor the mixtures will not exceed the b8sic dose 
linit. Explicit tomulrs for c8lculrting residurl conctntrrtion guidelines 
tor mixtures 8re given in the supplement. 

The guidelines for residurl concantr8tions tn roll l rtarfr’l of all other 
rrdionuclides Sh8’ll be dtrfved fr# brsic dose ‘ItmitS by means of l environ- 
nnt81 p8thvay 8n8lytiS Using Site-Specific drt8. 
these guidelines 8re given fn the supplement. 

Procedures tar deriving 

c. 2 Airborne Ridon Dec8y Products 

kneric guidelines for concentr8tions Of rfrbome rrdon dec8y products 
rhrll rpply to l xjsting occ\rgied or habitable strutures on privrte property 
thrt 8re qntended tot unrestricted use; structurws that vi 11 be dr#l I shed or 
buried rn l xclUded. The rqgllcable generic guidelIne (40 CFR l92) is: In 
8ny occupied or h8blt8ble bulldIng, the ObjUtfVO Of Mdirl rction thrll be, 
8nd rersonrble effort s)wll be made to rchieve, l l nurl rverrge (or 
l quiv8lent) rrdon decry product COncentr8tiOn (in~ludlng brckground) not to 
exceed 0.02 UL.* In my c8se, the rrdon decry product concentrrtion 
(including brckground) Sh8ll not exceed 0.03 &. Remedirl rctions 8rt not 
required in ordtr to comply with this guidtline when there Ss rrrsonablt 
8SSuranCe th8t residual t8diOaCtiVt mttTf8lS l n not the C8USe. 

C.3 Ixttrnal Gamma R8di8tiOh 

The average level of gamma radiation inside 8 building or habitrble 
structure on 8 site to bt ttltrsed for unrtstricted USC shall not txcted the 
background level by mom than 20 pR/h. 

aA working leve 1 (ML) is any combination of short*\ivtd radon dtcay products 
in one liter of air that will rtsult in the ultimatt enission of 1.3 x lo3 MtV 
Of potential 8lpha l ntrgy. 
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C.4 Surfrce Contulnetion 

me following Qmerk QUldelines, adapted from strnd~rdr of the U.S. Nuclear 
Rtgulttoty CotnisSiOn (1962). 8ft rpplIcrblt only to exlstfrq stpctures and 
ewivwnt that will not be deaollshrd and burled. They apply to both fntttior 
rnd exterior s~rfrcts. If t bulldIng 1s demel~shed rnd burled, the guldtlines 
in Section c.1 are applicable to the resulting contulnrtion fn the ground. 

Allowable Total Rtsidurl Surfrce 
Contamination (dpn/lOO cllS)tl 

Redionuclidtst2 herrget ,V nixfnut~ ,t5 Rtmovrblet',t‘ 

Trtnsurrnics, Ra-226, Ra-228, 
Th-230, Th-228, P&-231, AC-227, 
I-125, I-129 100 300 20 

fh-Natural, Th-232, Sr90, Ra-223, 
Rt-224, U-232, 1926, I-131, I-133 1,000 3,000 200 
U-Naturil, U-235, U-238, rnd 

* 8SSOCj8ted dtC8y prOduCt5 s ,000a 15,oocb 1.0000 

8tt8-g8Mb8 td tter5 (rrdionucl ick5 
ulth dtC8y modes other th8n 81ph8 
nls5lon or SpOnt8hc)OuS flsslon) 
except Sr90 8nd others noted rbove S ,fJOWY 1%ooo8-Y 1 ,ooop-y 

7' As used in this table, dpa (d!5fnttQt8tfOn5 per l fnuk) w8ns tht trtt of 
tmisrlon by rrdio8ctive uteri81 8s determined by Correcting the counts 
pet ainutt measured by an rpproprfrte detect&t for brck~mund, l ff icitncy , 
rhd gtooetric frcton rsroctrted with the Instrurntrtion. 

t2 When surfrct cont8mlrmtfon by both 8tph8- 8nd beta-guu-emitting r8div 
nuclider exists, the limits l strblished for rlphr- 8nd bet80m-emIttin 
trd~onucl~dtr rhould rpoly Itiperdrhtly. 

t3 k85ururtnt5 Of rverrge COnt8DiIUtiOn should nQt bt 8Vtr8Qtd over rn 8rta 
of mom th8n 1 ri. For objects of less SurfaCt rnr, tJw rverrge -should 
be derived for erch such abject. 

t4 The rverrge rnd wimm dose rrtes rrrocirted ulth rutfree contuinrtion 
rtsul t tng from b&a-put tmltt8rs should not exceed 0.2 8r8d/h rnd 
1.0 l rrd/h, rtspectlvrly, 8t 1 C8. 

ts The maximum contuinrtion level rpplier to 8n 8rt8 of not aore than 
100 -2. 

7‘ The mount of removable t8diorctivc uttrir~ per 100 cm2 of 5utfrct area 
should be dettrmintd by wiping that 8rea with dry filter or 5oft abrorbtnt 
paper, rpplying modtrrte prtSsUrt, 8nd l tasuring tht mount of radioactive 
material on tht wipt uIth an l ppropriatt Inrtrument of known l fficitncy. 
When removably contamination on objtcts of surfact arta less than 100 cm2 
is dttomined, tht rctivlty pet unit irti rhould be bawd on tht actual 
8rta rnd the entire surfrct should be wiped. fht ntitrs in this column 
8re maximum amounts. 

c-4 REV. 1 
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0. AUtHORSLED LIMITS FOR RESSDUAL RADIOACTIVITY l i-. 

-- 
The rrrwdlrl rctlon shrll not bt consldtrtd coqlete unlt%s the residual 

r88~08Ctbity Is below 8uthOriZtd limits. Authotft~d llrits shell 1 be set equal 
to guidelfnes for rtsidwl r8dlO8Cttdty unless: (I) exceptiOnS speclfltd In 
kCtfOn f of this docent 8rt rpplicrble, in uhlch c85t rn ruthorfrrd lfmlt 

. uy bo set rbove the guideljne vrlue for the specific locrtion or condition to 
.- rhfCh the exception 15 8ppltC8ble; or (2) on the b85is of sftt-iptc~fic dltr 

not wed in tstrblishing the guidelfnes, It cm be Cle8rly l stabl~shtd thrt 
lfm!ts below. the guldrltrws 8re rersonable 8nd C8n be rchirvod without 
8ppnCfrblt incrtrse In cost of the TuBedi rction. Author~ted lfmitr th8t 
differ fmm guidelines must be justified rnd tst8blishtd on 8 sfk-rpeclfic 
brSis, with docwentrtion thrt Dust bt flltd 8% 8 perwnent record upon com- 
PtttiOfl Of tewdl81 8CtiOn 8t 8 Site. Authorized limits differing froa the bL guidelines l u5t be rpprovtd by the Director, O8k Ridgt ftchn~crl Services 
Divlslon, for FUSRAP 8nd by the Director, RiChl8nd Surplus Frcilittes Mrnrgt- 
ment PrOQt8tI Office, for remote SFW-rfth concurrence by the Director of 

- Reatdirl ktton Project5 for both progrus. 

E. CONTROL OF RESIDUAL R4DIOAClIVIlY Al FUSRAP AN0 RECC)lE SFUP SITES 

c Rtsfdurl rrdiorctivity 8bOve the guidelines rt FUSRAP 8nd re8ote SFMP 
sites Bust be unrgtd in 8ccordancr rith 8pplicrblt D(% Orders. The DOE 
Order S48O.U rtqulres c#p~lrnct ~4th rpplkrbla fedtrrl, strtt, rnd local 
rnv1ronatntrl protectIon strndrrds. 

Th8 operation81 rnd control requirement5 sptcffitd In the folloulng DOE 
Orders shrll rpply to interim storrge, interim unrgement, rnd long-term 
unrgewnt. 

8. 5440.l8, I~ltmenktion of the Nation81 Envirormentrl Policy Act 
.~- 

b. u8o.U. Rnv~rwmntrl ProteCttOn, Safety, rnd He81fh Protection 
Progrv for #)E Opwrtions 

~.“_ 

a.- 

,_.A 

,- 

C. m.2, H828rdoU5 8nd ltrdiorctlve Mxtd w8Stt %Mg-Mt 

d. m.4, Rnv1rofment81 Protection, kfety, rnd Health Protection 
Skndatds 

l . w82.u. bVf?WmRnb'l, kftty, 8d Mealth @r8iS81 Program 

f. S403.1, Occuprtlorrrl kftty rnd Herlth Program for Goverment- 
Owned ContrrctorDperrted F8cilitle5 

9. 984.1, Envirorrrtntrl Protution, kftty, l d Health ProtectSon 
Information Rtpottlng Requ4nments 

h. 984.2, Unurwl Occurrence Rtpottfng System 

4. S820.2, Radioactive Vastt Management 
.- E.l Interim Storaqe 

8. Control rnd strbilirrtion ftrturts shall be dtsigned to ensure, 
to the extent te8SOn8bly rchievrblt, an l fttctive life of 
SO years rnd, In my c85e, at least 25 years. 

REV. 1 
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b. Above-brctground k-222 concontrrtlonr in the at#sphara above 

frcllfty rutt8crs or openlngr shall not txcttd: (1) 100 wf/L 
at any given point, (2) rn mu81 rvrrrge concenttrtion of 
30 pCl/L over the facility site, rnd (3) 8n mnurl avetrga 
concentrrtlon of 3 pCI/L at or rbove my locrtion outside the 
frclllty site (DOE Order 5480. U, Attrcbnt X1-1). 

C. Concrntratlonr of rrdionuclides In the groundwater or qurntitjes 
of terIdu81 rrdiorctlvr matwirls rhrll not exceed existing 
federal, state, or local standards. 

8. Access to 8 site shall be controlled and misuse of onsite 
material COFatUi btrfed &J -~sidurl rrdiorctivity rhrll be 
prevented through rpproptirte administrative controls and 
physic81 brrrierr-- rctiva and passive controls 8s drscrlbed by 
the U.S. Envlronmentrl PtOteCtiOn Agtncy (1983--p. 595). Thtse 
control features should be dts4gntcl to ensutt, to tht txtent 
re8son8blt, rn affective lift of rt least 25 years. 
govtrnmtnt shtll hrvt titlt to tht ptoptrty. 

The ftderrl 

c E.2 Interim Mwqcwnt 

a. A sitt mty be reletsed undtr intttfm @anag-nt when the nsidual 
trdiorctivlty txcttds gufdtlint vrluer if the mrldurl trdio- 
8ctIvIty is in inrccesriblt locrtionr rnd uould be unnrsonrbly 
costly to ttmvt, providtd that 8chInfrttrtive controls art 
tstrbl~rhed to tnsury thrt no member of tJw public shall 
ttctivt 8 trdirtion dost txceeding tht basic dost limit. 

b. Tht 8dminjstrrtivt controls, 8s rpprovtd by DOE, shall include 
but not be llmittd to ptrlodlc monItoting, rppmptirtt shitlding 
physic81 batritts to ptevtnt tcctss, and appropriate trdiologicri 
rrtety w8suns during athttnmct, nnovrtion, Wlltfon, or 
other rctlvitles that might disturb tht residual radioactivity 
Of caust it to l igr8tt. 

C. Tht ountr of the sitt or rpptoprlrte ftdetal, stttt, or loctl 
l uthotitits shrll be nsponsibla for enforcing the rtiinirttrtivt 
controls. 

E.3 Long-Term Mmrqemtnt 

Urrniun, fhoriu, rnd Thtir Otcay Products 

8. Control and stabilization ftrturts shall be designtd to tnsurt, 
to tht txttnt rtasonably rchitvable, an efftctive life of 
1,000 years rnd, in any case, at ltast 200 years. 

b. Control and stabilization features shall bt dcsigntd to tnsurc 
that Rn-222 tmanation to the atmosphere from the waste shall 
not: (1) txcted an rnnual average release rate of 20 pCi/na/r 
and (2) incrtast tht annual rvtrrgt Rn-222 concentration at 0; 
above my location outside the boundary of tht contaminated 
area by more than 0.5 pCi/L. field verification of emanation 
rrtts is not rtquirtd. 
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Prior to ptrctotnt of rny pOttnti@lly biodrgr8d8blt contui- 
nrted w8SteS in 8 long-tern rrnrgeaent trctlity, such wastes 
shrll be proptrly conditiontd to ensure that (1) the Qentrrtfon 
rnd escrpt of biogtnlc gases will not caust tht rtqulrtmnt in 
par@gr@ph b Of this StCtjOn (E.3) to bt txcetckd, tnd (2) bio- 
degradation within tht facility will not result In pteututt 
structural trilure in violrtion of tht rtquirementr in para- 
grrph 8 of this stction (E.3). 

Groundurttr shall be ptottcted in 8ccOrd8nct with 40 CFR 
192.20(a)(2) rnd 192.20(r)(3), as 8ppllC8blt to FUSW in8 
ttmott SFUP ritts. 

Access to 8 site should be controlled and Disuse of onritt 
uttrirl contaminrttd by residual t8dio8ctivity should bt 
prtventtd through rpptoprirtt rbinistrrtivt Controls 8nd 
physic81 brrritrt-- 8Ctivt rnd p@SSivt COnttOlS as descrfbtd by 
tht U. 5. Environmtntrl Prottction Agtncy (1983--p. 595). fhtse 
controls should bt dtrigntd to be ttttctivt to tht txttnt 
re@SOn@ble for 8t lt@St 200 yt@tS. Tht fedtrrl governatnt 
shall have titlt to tht property. 

Othtr ~adionuct~dts 

t. Long-tern l nrgtmtnt of other t8dionuclidcr shall be in accordance 
with ChaptttS 2, 3, and S of DOE Ordtr S820.2, 8s rpplicrble. 

F. EXCEPTIONS 

Exctptionr to tht trquitcwnt that authorized liritr be stt tqurl to tht 
Qu~dtlints uy bt udt on tht basis of rn mrlyr~s Of rite-Specific l sptcts of 
8 dtsignrttd rftt thbt wert not taktn into account in deriving tht guidelints. 
Exceptions nqufn approvrlr as statad in Section 0. Specific sftwtlons that 
urrrrnt l xctptions an: 

8. Uhtre tmdi81 actions rould pose 8 clear and prtstnt risk of 
injuy to wtktrr Ot -tS Of the f)tMt@l public, notwith- 
standing reasonablt masuns to avoid of rtduct risk. 

b. Uhtrt Rndirl actions-even after all ttrsonablr mitigative 
Watutes have bttn trktn-would product WWitofne~t@l h8~ that 
is cltrtly txctssivt Coap@rtd to tht htrlth btnttits to persons 
living on or new 8ffeCttd sitts, now or in tht future. A 
cltrr txcess of tnvironmentrl ham is ham that is long-ttm, 
l aniftst, and grossly disproportionrtt to htrlth btntfits that 
say rt@SOn@bly bt rnticiprttd. 

C. Where tht cost of remtdirl actions for contami nattd soi 1 is 
unreasonably high relative to long-ttm benefits 8nd uhtrt the 
ttSidu@\ radioactive materials do not pose a clear present or 
future risk after taking necessary control measurts. Tht 
likelihood that buildings will be trecttd or that ptoglt will 
sptnd long periods of time at such a site should bt considtred 
in evaluating this risk. Remedial actions will generally not 
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be necrrsry uhetr only l fnot qurntltles ot residue1 tedlo- 
8ctlve rwtatlrts an involvad or whttt irridual trdlorctlvr 
l atetlals occur in en  Inaccessible locrtlon et which site- 
specific frctots lim it theft hrrrtd and  tram dich they are 
costly or difficult to remove. Ex8mplr% rtt ttsidu81 trblo- 
8ctivr utetlrls under  twd-sutfrce public roads rnd sldwrlks, 
r tound publlc sewer line,, or in fence-post foundrtions. In 
order to invoke'this exception, 8  site-spwitic analysis must 
be provided to establish that it would not c8use an indiv~durl 
to receive 8  trdiitlon dose In excess ot tht b8ric dose llm its 
strted fn kction 6, 8nd  8  strtement specifying the residual 
trdio8ctivity wst be  included in the rpptoptirtr state rnd 
local records. 

d. Where  tht cost of c leanup of 8  contaminated buildlng Is clertly 
untewonrbly high trlrtive to the benetltt. fwtots that rhrll 
be  included in this judgmmt rn the rnticlp8ted petlod of 
occup8ncy, tht inctemnt81 trdirtion level thet uould be  l ftected 
by temdirl rction, the ttsidurl useful lifetime of the building, 
tht pottntirl for fututt construction rt the site, end  tht 
rpplicrbility of ttmd irl rctions thrt would be  less costly 
thrn removrl of the residual trdiorctlvr 88tetials. A strte- 
wnt rptcffying tht ttstdual rrdiorctiv4ty must be  included In 
tht rpptoptlrtt strtt and  local rtcotdr. 

l . Whtte thttt 4s no  fers1ble remedirl rction. 

C. SOURCES 

.%.-.. Limft or Gu idelim Sour0 

kslc Oose Llmlts 

-- Dasiwtry Model 8ndDose Intetnatlonal CorissIon on  Radiological 
LImi ts Pmtection (1977, 1978) 

es*  

.- 

.,- 

, w m  

Genetic Gu idelines tot Residwl Radloactfvity 

Residual Concentrations 40  CFR 192 
of Rrdiu rnd fhorlu 
in Soil Ueterirl 

Airbotnt Radon Decry 40  CFR 192  
Ptoduc ts 

Externrl G8mar  R8dirtion 40  CFR 192 
Surfrct Contrminrtion Adapted from U.S. Nuclear Rtgulrtory 

Conmission (1982) 

Control of Radiorctivt Waste 8nd Rtsiduts 

Xntttim Stotrgt WE Ordtt 548O.l.A 

Long-ftrm Mrnrgcrcnt OOE O tdtt 548O.U; 40  CFR 192  
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SITE INFORMATION FOR SPECIFIC SITES 
(See Design Criteria, Section 3.3.3) 

1.0 GENERAL 

This appendix is a general outline of the information that will 
be obtained for a FUSRAP/SFMP site through historical research 
and/or field investigation activities during site 

characterization. This information will be used as a starting 
point for preparation of Design Bases for the sites. The data 
unique to a particular site are enclosed between single 
asterisks (*..*I. 

2.0 SURVEYS AND DATUM 

Information on site description, surveys, plant coordinates, 
plant datum, plant grade, horizontal and vertical survey 
control points , plant grid north, site boundary, access roads, 
railroads, etc., will be obtained. 

3.0 KATER LEVELS 

For sites located on rivers, lakes, or at the ocean, the 
probable maximum and minimum water levels and their 
fluctuations will be obtained. The design naximum flood 
elevations, as noted below, will be investigated and recorded 
for the site: 

D-l 
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5.0 GROUNDWATER TABLE 

-. 

The high water table to be used in design will be stated. 

For the design of all underground structures, the high water 
table will be assumed as elevation *..* ft. 

Average groundwater level is approximately at l ..* ft. 

6.0 FROST PENETRATION 

. ..-. 

Depth below grade 

1- 

7.0 ICE 

l . . * in. 

If applicable, ice pack formation will be described giving 
appropriate design loads. 

8.0 AIR TEMPERATURE (*..*I 

.II, 

,- .- 

.-- 

Maximum design 
Minimum design 
Average annual 
Average wet bulb 
Average dry bulb 

OF 
OF 
OF 
OF 
OF 

-I 9.0 NOISE LEVELS 

Noise level measurement and monitoring during construction will 
be maintained for sites as required by local authorities. 

D-3 
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10.0 WINDS 

Based on loo-year recurrence interval, the design wind 
velocity shall be *..* mph at l ..* feet above grade in 
accordance with the Uniform Building Code (UBC). The 
prevailing wind is in *..* direction. Wind velocity will be 
adjusted as appropriate for structure height and gust 
factors. The effects of tornadoes will be investigated as 
required by site conditions. 

11.0 SEISMOLOGY 

. 
The site is in UBC Zone l ..*. Seismic loads shall be 
considered in accordance with Section 2312 of UBC criteria. 

Verification of whether a higher zoning than that required by 
UBC may be more appropriate for the particular site will be 
made. 

12.0 GEOTECHNICAL INVESTIGATIONS 

Subsurface investigations will provide a description of the 
soil and geological and hydrological conditions and other data 
for the preparation of “Soil and Geological Investigation 
Report’. The design basis will list from the report the 
hydraulic gradient of ground water, soil profile, location of 
bedrock, determination of confined and unconfined aquifers, 
establishment of monitoring wells, test results of soil and 
rock properties, allowable bearing and/or pile capacities (as 
applicable) for foundation design, active and passive lateral 
earth pressure, etc. Compaction criteria and maximum slopes 
for excavation will also be specified. 

G- 
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13.0 GUIDELINES FOR RESIDUAL RADIOACTIVITY 

To be developed for each site. Refer to Appendix C. 

I- 
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DERIVATION OF A URANIUM RESIDUAL RADIOACTIVITY 
GUIDELINE FOR THE NATIONAL GUARD ARMORY 

IN CHICAGO, ILLINOIS 

Charley Yu and John M. Peterson 

ABSTRACT 

A uranium residual radioactivity guideline for the National 
Guard Armory in Chicago, Illinois, was derived using data from radio- 
logical surveys carried out in 1977 and 1978 by Argonne National 
Laboratory and in 1987 by Bechtel National, Inc. The derived 
guideline is based on the requirement that the 50-year committed 
effective dose equivalent to an individual who lives in the Armory 
should not exceed a dose of 100 mrem/yr following decontamination 
of the Armory. Procedures specified in the U.S. Department of 
Energy manual for implementing residual radioactivity guidelines 
were used in this evaluation. The results of the evaluation indicate 
that the basic dose limit of 100 mrem/yr will not be exceeded in the 
foreseeable future, provided that the concentration of uranium-238 
within the Armory does not exceed 150 pCi/g following decontami- 
nation. This guideline applies to the activity concentration of 
uranium-238, with uranium-234 and uranium-235 present in the sam$: 
activity ratio as in natural uranium (the activity ratio of uranium-238, 
uranium-234, and uranium-235 in natural uranium is 1:1:0.046). 

1 HISTORY AND SUMMARY OF EXISTING CONDITIONS 

The National Guard Armory is located in the northeast section of Washington 
Park at 52nd Street and Cottage Grove Avenue in Chicago, Illinois (Fig. 1). The Armory 
building, constructed in 1924, is a 71-m (230-ft) by 200-m (650-ft) concrete building with 
a facade of Indiana limestone. An arena occupies the center of the building, and offices 
are located on four floors at the north and south ends. The arena is 68 m (220 ft) by 
100 m (350 ft) and has a ceiling over 30 m (100 ft) high of clear span (steel truss) 
Construction. Stadium bleachers are located on the east and west sides of the arena. 
The arena was formerly used by a horse Calvary and later for horse polo games played on 
a dirt floor (U.S. Dept. Energy 1983; Jones 1986). 

..I 
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FIGURE 1 Location of the Illinois National Guard Armory, Chicago, Illinois 
(Source: Modified from U.S. Department of Energy 1983) 
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The Armory was leased from the state of Illinois 124th Field Artillery by the 
Manhattan Engineer District (MED) during World War II to support activities associated 
with development of the atomic bomb. Beginning in 1942, the building was used jointly 
by the MED Metallurgical Laboratory and the University of Chicago in support of federal 
programs involving nuclear materials. When use of this facility in support of nuclear 
programs was terminated in 1951, the property was returned to the state of Illinois for 
use by the National Guard (U.S. Dept. Energy 1980a, 1980b). 

Various types of uranium processing activities were conducted in the Armory in 
support of nuclear activities. The arena was probably used for chemical processing and 
metal casting of uranium; the bleachers surrounding the arena were used for storage of 
radioactive materials. After MED stopped using the Armory, contaminated sediment 
from the arena dirt floor was removed and efforts were made to decontaminate some of 
the bleachers around the arena. A concrete slab was later poured over the dirt floor to 
facilitate use of the arena for maintenance of military vehicles (U.S. Dept. Energy 1983). 

The principal radioactive contaminant in the Armory is processed natural 
uranium. The contamination is generally limited to relatively small areas (less than 
300 cm2), and the radiation level resulting from the contamination is quite low. In a 
radiological survey conducted in 1977 and 1978 (U.S. Dept. Energy 1983), no exposure 
rates in excess of background levels were detected at 1 m from the surface. The 
maximum contact exposure rate measured was 3 mR/h on a catch basin manhole cover in 
Room 1. The concentrations of radon-222 and its decay products In air in the building 
were within the range of values normally expected for background concentrations. The 
concentrations of long-lived radionuclides in air samples and the concentrations of radio- 
nuclides in soil samples collected around the facility were also essentially at background 
levels. These results indicate that the primary radioactive contaminant in the Armory is 
processed natural uranium, with minimal amounts of any decay products (i.e., 
thorium-230 and radium-226). A radiological survey was carried out by Bechtel 
National, Inc., in 1987 to more accurately delineate the extent of the contamination. 
TMA Eberline (1987) data from that survey are in general agreement with the results of 
the previous radiological survey conducted by Argonne National Laboratory in 1977 and 
1978 (U.S. Dept. Energy 1983); the results from both surveys were used in this analysis. 

A site-specific pathway analysis was carried out to establish the residual 
radioactivity guideline for the Armory, i.e., the residual rsdionuclide concentration that 
must not be exceeded if the Armory is to be released for unrestricted use. In this 
analysis, it was assumed that the three long-lived uranium isotopes -- uranium-238, 
uranium-234, and uranium-235 -- are in equilibrium, with an activity ratio of 1:1:0.046 
(as in natural uranium). The derivation of the uranium guideline is based on procedures 
described in the U.S. Department of Energy (DOE) manual for implementing residual 
radioactivity guidelines (Gilbert et al. 1985 -- hereafter referred to as “the Manual”); the 
guidelines are presented in App. A. The derivation is Iimited to uranium-238, with 
uranium-234 and uranium-235 in equilibrium, because these are the only radionuclides 
that were detected in elevated concentrations in the areas surveyed. 

-- 
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2 SCENARIO DEFINITIONS 

The potential exposure scenario considered in this evaluation assumes 
unrestricted use of the site at some time in the future. A hypothetical person is assumed 
to take up residence in the Armory building, drink water from a well adjacent to the 
Armory, and ingest plant foods grown In a garden adjacent to the Armory. The four 
pathways analyzed in this scenario are (1) external radiation from the contaminated 
materials, (2) internal radiation from inhalation of dust, (3) internal radiation from 
ingestion of plant foods grown in the uncontaminated soil outside the Armory but 
irrigated with potentially contaminated water, and (4) internal radiation from drinking 
water from a hypothetical shallow well adjacent to the Armory on the downgradient 
side. The livestock (meat and milk) and aquatic food (fish) pathways described in the 
Manual were eliminated from consideration based on the relatively small size of the 
Armory site. 

The radiation dose to this potential future resident was calculated according to 
the method described in the Manual, based on the following specific assumptions: 

l The individual lives in the ‘most extensively contaminated room of 
the Armory building. 

l Ten percent (10%) of the plant-food diet consumed by the individual 
is raised in the garden outside the Armory and is irrigated with 
potentially contaminated water. 

l Wastewater collected in catch basins and sewer line eventually 
reaches the groundwater. 

l The hydrogeologic and geochemical parameters for the Armory site 
are similar to those for the city of West Chicago, for which data are 
available. West Chicago is located about 40 km (25 mi) from the 
Armory site. 
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3 DOSE-TO-SOURCE RATIOS 

-  

I .  

.- 

The dose-to-source (D/S) ratios were calculated using the method described in 
the Manual. The summation of Dip/Si for each radionuclide i over the pathway p is the 
total D/S ratio that will be used to determine the allowable residual radioactivity for the 
Armory site, i.e., 

Total D/S = C 1 ‘ip”i 
Pl 

The derivation of Dip/Si for uranium-238 for the four pathways applicable to the 
Armory site is presented in Sections 3.1-3.4. The various parameters used for this 
analysis are defined in App. B. 

3.1 EXTERNAL GAMMA RADLATION PATHWAY 

The formula for the D/S ratio for the external radiation pathway (p = 1) is: 

Dil/si= (D/E)il x pb x Fol x FA1 X FDil 

Substituting the parameter values listed in Table B.l, App. B, one obtains:* 

D1/S = f Dil/Si = 0.087 x 1.5 x 1.0 x 0.61 x 0.45 
i=l 

+ 9.5 x 10 -4 x 1.5 x 1.0 x 0.61 x 0.63 

= 3.6 x 10 -2 (mrem/yr)/(pCi/g) 

3.2 DUST INHALATION PATHWAY 

The D/S ratio for internal exposure from inhalation of dust ,b = 2) was calculated 
using the following equation: 

Di2/Si = (D/E)~~ x (E/A)~ x F02 x FS2 x (A/S)2 

*The summation is carried out for uranium-238 and uranium-234 (uranium-234 is assumed 
to be present in secular equilibrium with uranium-238). The dose contribution from 
uranium-235 is not included in this evaluation because it will be much lower than that 
for either uranium-238 or uranium-234, due to the much lower activity concentration of 
uranium-235. 
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The mass loading factor (A/S)3, i.e., the mass of airborne dust per unit volume of 
air, was assumed to be 2.0 x 10m4 g/m’. This value is conservative for normal indoor 
activities, i.e., it results in a higher inhalation dose (Gilbert et al. 1983). Because horse 
polo games were previously played in the arena of the Armory (Argonne Natl. Lab 19871, 
such an indoor mass loading factor at the Armory cbuld occur in the future. Using the 
parameters listed in Table B.l, App. B, one obtains: 

-4 D2/S = Diz/Si = 0.12 x 8400 x 1.0 x 1.0 x 2.0 x 10 
i=l 

+ 0.13 x 8400 x 1.0 x 1.0 x 2.0 x 10 -4 

= 4.2 x 10 -’ (mrem/yr)/(pCi/g) 

3.3 PLANT-FOOD INGESTION PATHWAY 

For the plant-food ingestion pathway (p = 3), the plant food was assumed to be 
raised in a garden adjacent to the Armory in an uncontaminated area. Thus, the root 
uptake and foliar deposition pathways were not considered in this analysis. However, the 
irrigation pathway, assuming use of potentially contaminated water, was evaluated. The 
D/S ratio for internal exposure from ingestion of the hypothetical plant-food diet was 
calculated using the following equation: 

Dishi = (D/E)~~ x (Ei3/si) x FAN x FD3 

The environmental transport factors in the above equation, El3/Si, was 
calculated as 

Ei3f Si = (Ei3/Wi) ’ (Wi/Si) 

using the conversion factors, Ei3/Wi, listed in Table 4.5 of the Manual. The water-to- 
source concentration ratios, Wi/Si’ were obtained from the drinking water pathway 
discussed in Section 3.4. 

Using parameter values listed in Table B.l, App. B, and the Wi/Si value 
calculated in Section 3.4, one obtains: 

D3/S = f (Di3/Si) = 2.6 x 1O-4 x 7.7 x lo* x 0.76 x 0.10 x 1.0 
i=l 

+ 2.8 x 10 -4 x 7.7 x lo* x 0.76 x 0.10 x 1.0 

- 3.2 x 10 -* (mrem/yr)/(pCi/g) 
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3.4 DRINKING WATER PATHWAY 

The D/S ratio for internal exposure from drinking water (p = 4) was calculated 
using the equation: 

Di4/ Si = (D’E)i4 x (Ei4/Wi) x (Wi/Si) 

The water-to-source concentration factor, Wi/Si’ was calculated as 

Wi/Si = (looo,,~;) x FUZi x PSZi 

where Ki” is the ith radionuclide distribution coefficient in the contaminated (source) . 
materials: The Fuz and Fst factors were caIculated using the method described in the 

i i 
Manual, except the retardation factor, Rd, was modified so that the radionuclide 
migration velocity is more conservatively estimated. The retardation factor defined in 
the Manual (p. 4-70) reads: 

Rd = 1 + ob Kd/Be 

where Be is the effective water content. It was modified to read: 

Rd = 1 + cb Kd/6, 

where et is the total water content. The rationale for this modification can be found in 
reports of the U.S. Department of Energy (1987) and Yu (1987). 

Using the parameters listed in Table B.l, App. B,‘it was calculated that: 

F = 1.0 UZ. 1 
and 

F = 3.8 x 10 -2 
IL. 1 

Hence, 

‘i/‘i = (1000/50) x 1.0 x 3.8 x 10 -2 = 0.76 (pCi/L)/(pCi/g) 

Therefore, 

D4/S - E Di4/Si = 2.6 x 10 -4 x 410 x 0.76 
i=l 

+ 2.8 -4 x 10 x 410 x 0.76 

= 1.7 -’ x 10 (mrem/yr)/(pCi/g) 
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4 RESIDUAL RADIOACTMTY GUiDELINE 

Based on the dose-to-source ratios derived in the previous section for each 
pathway applicable to the Armory site, the total D/S ratio was calculated as follows: 

4 
Total D/S * f 1 

i=l p=l 
Dip/Si 

= ; (Dp/S) 
P=l 

= 3.6 x 10 -* + 4.2 x 10 -1 + 3.2 x 10 -2 + 1.7 x 10 -1 

= 6.6 x 10 -’ (mrem/yr)/(pCi/g) 

The residual radioactivity guideline is defined as the concentration of residual 
radioactivity that can remain in the Armory and still allow for unrestricted use of the 
site. Using the annual radiation dose limit of 100 mrem/yr (App. A), the residual 
radioactivity guideline for the Armory site is 150 pCi/g (i.e., 100 + 0.66 = 150) for 
uranium-238, with uranium-234 and uranium-235 present in naturally occurring 
concentrations. 
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APPENDIX A. DOE GUIDELINES FOR RESlDUAL RADIOACTMTY 

U.S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVITY AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(Rev. 1, July 1985) 

A. INTRODUCTION 

This document presents U.S. Department of Energy (DOE) radiological 
protection guidelines for cleanup of residual radioactive materials and 
management of the resulting wastes and residues. It is applicable to sites 
identified by the Formerly Utilized Sites Remedial Action Program (FUSRAP) and 
remote sites identified by the Surplus Facilities Management Program (SFMP).* 
The topics covered are basic dose limits , guidelines and authorized limits for 
allowable levels of residual radioactivity, 
the radioactive wastes and residues. 

and requirements for control of 

sites 
Protocols for identification, characterization, and designation of FUSRAP 

for remedial action; for implementation of the remedial action; and for 
certification of a FUSRAP site for release for unrestricted use are given in a 
separate document (U.S. Dept. Energy 1984). 
applications 

More detailed information on 

deriving 
of the guidelines presented herein, 

site-specific guidelines 
including procedures for 

for allowable levels of residual radio- 
activity from basic dose limits, is contained in a supplementary document-- 
referred to herein as the “supplement” (U.S. Dept. Energy 1985). 

“Residual radioactivity” includes: 
nuclides in soil material,** 

(1) residual concentrations of radio- 

products, (3) 
(2) concentrations of airborne radon decay 

external gamma radiation level, 
A “basic dose limit” 

and (4) surface contamination. 
is a prescribed standard from which limits for quantities 

that can be monitored and controlled are derived; it is specified in terms of 
the effective dose equivalent as defined by the International Commission on 
Radiological Protection (ICRP 1977, 1978). 
explicitly for deriving guidelines 

Basic doses limits are used 

nuclides in soil material, 
for residual concentrations of radio- 

except for thorium and radium. Guidelines for 

*A remote SFHP site is one that is excess to DOE programmatic needs and is 
located outside a major operating DOE research and development or production 
area. 

**The term “soil material” refers to all material below grade level after 
remedial action is completed. 
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residual concentrations of thorium and radium and for the other three quanti- 
ties (airborne radon decay products , external gamma radiation level, and 
surface contamination) are based on existing radiological protection standards 
(U.S. Environ. Prot. Agency 1983; U.S. Nucl. Reg. Comm. 1982). These 
standards are assumed to be consistent with basic dose limits within the 
uncertainty of derivations of levels of residual radioactivity from basic 
limits. 

A “guideline” for residual radioactivity is a level of residual radio- 
activity that is acceptable if the use of the site is to be unrestricted. 
Guidelines for residual radioactivity presented herein. are of two kinds: 
(1) generic, site-independent guidelines taken from existing radiation 
protection standards, and (2) site-specific guidelines derived from basic dose 
limits using site-specific models and data. Generic guideline values art 
presented in this document. Procedures and data for deriving site-specific 
guideline values are given in the supplement. 

An “authorized limit” is a level of residual radioactivity that must not 
be exceeded if the remedial action is to be considered completed. Under . normal circumstances, expected to occur at most sites, authorized limits for 
residual radioactivity are set equal to guideline values. Exceptional 
conditions for which authorized limits might differ from guideline values art 
specified in Sections D and F. A site may be released for unrestricted use 
only if the residual radioactivity does not exceed guideline values at the 
time remedial action is completed. Restrictions and controls on use of the 
site must be established and enforced if the residual radioactivity exceeds 
guideline values. The applicable controls and restrictions are specified in 
Section E. 

WE policy requires that all exposures to radiation be limited to levels 
that are as low as reasonably achievable (ALARA). Implementat ion of ALARA 
policy is specified as procedures to be applied after authorized limits have 
been set. For sites to be released for unrestricted use, the intent is to 
reduce residual radioactivity to levels that are as far below authorized 
limits as reasonable considering technical, economic, and social factors. At 
sites where the residual radioactivity is not reduced to levels that permit 
release for unrestricted use, ALARA policy is implemented by establishing 
controls to reduce exposure to levels that are as low as is reasonably 
achievable. Procedures for implementing ALARA policy are described in the 
supplement. ALARA policies, procedures, and actions must be documented and 
filed as a permanent record upon completion of remedial action at a site. 

B. BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual 
member of the general public is 500 mrtm/yr for a period of exposure not t0 
exceed 5 years and an average of 100 mremfyr over a lifetime. The committed 
effective dose equivalent, as defined in ICRP Publication 26 (ICRP 1977) and 
calculated by dosimetry models described in ICRP Publication 30 (ICRP 1978)’ 
shall be used for determining the dose. 
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GUIDELINES FOR RESTDlJAL IUDIOACTIVITY ._ .- --- 

Residual Radionuclider in Soil Material 

Residual concentrations of radionuclides in soil material shall be speci- 
fied as above-background concentrations averaged over an area of 100 III*. If 
the concentration in any area is found to exceed the average by a factor 
greater than 3, guidelines for local concentrations shall also be applicable. 
These “hot spot” guidelines depend on the extent of the elevated local concen- 
trations and are given in the supplement. 

“- 

,s- 

,- 

The generic guidelines for residual concentrations of Th-232, Th-230, 
Ra-228, and Ra-226 art: 

- S pCi/g, averaged over the first 15 cm of soil below the surface 

- 1S pCi/g, averaged over lS-cm-thick layers of soil more than 15 cm 
below the surface 

These guidelines take into account ingrowth of Ra-226 from Th-230 and of 
Ra-228 from Th-232, and assume secular equilibrium. If either Th-230 and 
Ra-226 or Th-232 and Ra-228 are both present, not in secular equilibrium, the 
guidelines apply to the higher concentration. If other m ixtures of radio- 
nucl ides occur, the concentrations of individual radionuclides shall be 
reduced so that the dose for the m ixtures will not exceed the basic dose 
lim it. Explicit formulas for calculating residual concentration guidelines 
for m ixtures are given in the supplement. 

The guidelines for residual concentrations in soil material of all other 
radionuclides shall be derived from basic dose lim its by means of an environ- 
mental pathway analysis using site-specific data. Procedures for deriving 
these guidelines are given in the supplement. 

C.2 Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne radon decay products 
shall apply to existing occupied or habitable structures on private property 
that are intended for unrestricted use; structures that will be demolished or 
buried are excluded. The applicable generic guideline (40 CFR 192) is: In 
any occupied or habitable building, the objective of remedial action shall be, 
and reasonable effort shall be made to achieve, an annual average (or 
equivalent) radon decay product concentration (including background) not to 
exceed 0.02 WL.* In any cast, the radon decay product concentration 
(including background) shall not exceed 0.03 WL. Remedial actions are not 
required in order to comply with this guideline when there is reasonable 
assurance that residual radioactive materials are not the cause. 

C.3 External Gamma Radiation 

The average level of gamma radiation inside a building or habitable 
structure on a site to be released for unrestricted use shall not exceed tht 
background level by more than 20 uR/h. 

*A working level (WL) is any combination of short-lived radon decay 
products in one liter of air that will result in the ultimate emission 
of 1.3 x 105 MeV of potential alpha energy. 

; - 
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C.4 Surface Contamination 

The following generic guidelines, adapted from standards of the 
U.S. Nuclear Regulatory Commission (1982), are applicable only to existing 
structures and equipment that will not be demolished and buried. They apply 
to both interior and exterior surfaces. If a building is demolished and 
buried, the guidelines in Section C.l are applicable to the resulting 
contamination in the ground. 

Allowable Total Residual Surface 
Contamination (dpm/lOO cm*)’ 

Radionuclidesb Average cod Maximumd’e Removabled pf 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, AC-227, 
I-12s, I-129 

Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, I-126, I-131, I-133 

U-Natural, U-235, U-238, and 
associated decay products 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 

100 

1,000 

S ,000a 

300 

3,000 

15 ,OOOa 

20 

200 

1 ,OOOa 

except St-90 and others noted above S,OOOB-y lS,0006-y 1,0006-y 

a As used in this table, dpm (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting the counts 
per minute measured by an appropriate detector for background, efficiency, 
and geometric factors associated with the instrumentation. 

b Where surface contamination by both alpha- and beta-gamma-emitting radio- 
nuclides exists, the limits established for alpha- and beta-gamma-emitting 
radionuclides should apply independently. 

’ Measurements of average contamination should not be averaged over an area 
of more than 1 m*. For objects of less surface area, the average should 
be derived for each such object. 

d The average and maximum dose rates associated with surface contamination 
resulting from beta-gamma emitters should not exceed 0.2 mrad/h and 
1.0 mrad/h, respectively, at 1 cm. 

’ The maximum contamination level applies to an area of not more than 
100 cm*. 

f The amount of removable radioactive material per 100 cm* of surface area 
should be determined by wiping that area with dry filter or soft absorbent 
paper, applying moderate pressure, and measuring the amount of radioactive 
material on the wipe with an appropriate instrument of known efficiency. 
When removable contamination on objects of surface area less than 100 cm* 
is determined, the activity per unit area should be based on the actual 
area and the entire surface should be wiped. The numbers in this CO~UIIKI 
art maximum amountr. 
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D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVITY 

The remedial action shall not be considered complete unless the residual ~. _ 
radioactivity is below authorized limits. Authorized limits shall be set 
equal to guidelines for residual radioactivity unless: (1) exceptions 
specified in Section F of this document are applicable, in which case an 
authorized limit may be set above the guideline value for the specific 
location or condition to which the exception is applicable; or (2) on the 
basis of site-specific data not used in establishing the guidelines, it can be 
clearly established that limits below the guidelines art reasonable and can be 
achieved without appreciable increase in cost of the remedial action. 
Authorized limits that differ from guidelines must be justified and estab- 
lished on a site-specific basis, with documentation that must be filed as a 
permanent record upon completion of remedial action at a site. Authorized 
limits differing from the guidelines must be approved by the Director, 
Oak Ridge Technical Services Division, for FUSRAP and by the Director, 
Richland Surplus Facilities Management Program Office, for remote SFMP--with 
concurrence by the Director of Remedial Action Projects for both programs. 

E. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

Residual radioactivity above the guidelines at FUSRAP and remote SFMP 
sites must be managed in accordance with applicable DOE Orders. The DOE 
Order S480,lA requires compliance with applicable federal, state, and local 
environmental protection standards. 

The operational and control requirements specified in the following DOE 
Orders shall apply to interim storage, interim management, and long-term 
management. 

a. S440.1B, Implementation of the National Environmental Policy Act 

b. S480.1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations 

c. 5480.2, Hazardous and Radioactive Hixed Waste Hanagemtnt 

d. 5480.4, Environmental Protection, Safety, and Health Protection 
Standards 

e. 5482.1A, Environmental, Safety, and Health Appraisal Program 

f. 5483.1, Occupational Safety and Health Program for Covernment- 
Owned Contractor-Operated Facilities 

8* 5484.1, Environmental Protection, Safety, and Health Protection 
Xnformation Reporting Requirement@ 

h. 5484.2, Unusual Occurrence Reporting System 
. l= S820.2, Radioactive Waste Management 

E.1 Interim Storage 

8, Control and stabilization features shall be designed to ensure, to 
the extent reasonably achievable, an effective lift of SO years and, 
in any case, at least 2S years. 
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b. Above-background Rn-222 concentrations in the atmosphere above 
facility surfaces or openings shall not exceed: (1) 100 pCi/L at 
any given point, (2) an annual average concentration of 30 pCi/L 
over the facility site, and (3) an annual average concentration of 
3 pCi/L at or above any location outside the facility site (DOE 
Order 5480.1A, Attachment X1-1). 

c. Concentrations of radionuclides in the groundwater or quantities of 
residual radioactive materials shall not exceed existing federal, 
state, or local standards. 

d. Access to a site shall be controlled and misuse of onsite material 
contam:i?ated by residual radioactivity shall be prevented through 
appropriate administrative controls and physical barriers--active 
and passive controls as described by the U.S. Environmental 
Protection Agency (1983--p. 595). These control features should be 
designed to ensure, to the extent reasonable, an effective life of 
at least 25 years. The federal government shall have title to the 
property. 

E.2 Interim Management 

a. A site may be released under interim management when the residual 
radioactivity exceeds guideline values if the residual radioactivity 
is in inaccessible locations and would be unreasonably costly to 
remove, provided that administrative controls are established to 
ensure that no member of the public shall receive a radiation dose 
exceeding the basic dose limit. 

b. The administrative controls, as approved by DOE, shall include but 
not be limited to periodic monitoring, appropriate shielding, 
physical barriers to prevent access, and appropriate radiological 
safety measures during maintenance, renovation, demolition, or other 
activities that might disturb the residual radioactivity or cause it 
to migrate. 

c. The owner of the site or appropriate federal, state, or local 
authorities shall be responsible for enforcing the administrative 
controls. 

E.3 Long-Term Management 

Uranium, Thorium, and Their Decay Products 

a. Control and stabilization features shall be designed to ensure, to 
the extent reasonably achievable, an effective life of 1,000 years 
and, in any case, at least 200 yearn. 

b. Control and stabilization features shall be designed to ensure that 
Rn-222 emanation to the atmosphere from the waste shall not: 
(1) exceed an annual average release rate of 20 pCi/m*/s, and 
(2) increase the annual average k-222 concentration at or above any 
location outside the boundary of the contaminated area by more than 
0.5 pCi/L. Field verification of emanation rates is not required. 
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e . P r io r  to  p l a c e m e n t of a n y  p o te n tial ly b i o d e g r a d a b l e  con ta m ina ted  
wastes in  a  l ong - te r m  m a n a g e m e n t facility, such  wastes shal l  b e  
p rope r l y  cond i t i oned  to  e n s u r e  th a t (1 )  th e  g e n e r a tio n  a n d  e scape  o f 
b i ogen i c  gases  wil l n o t cause  th e  r e q u i r e m e n t in  p a r a g r a p h  b  o f th is  
sect ion ( E .3 )  to  b e  exceeded ,  a n d  (2 )  b i o d e g r a d a tio n  wi th in th e  
facility wil l n o t resul t  in  p r e m a tu r e  structural  fa i l u re  in  v io la-  
tio n  o f th e  r e q u i r e m e n ts in  p a r a g r a p h  a  of th is  sect ion ( E .3 ) . 

d . C r o u n d w a te r  shal l  b e  p r o tec ted  in  a cco rdance  vi th  4 0  CFR  
1 9 2 .20 (a ) ( 2 )  a n d  1 9 2 .20 (a ) ( 3 ) , as  app l i cab le  to  F U S R A P  a n d  r e m o te  
S F W P  sites. 

e . Access  to  a  site  shou l d  b e  con tro l led a n d  m isuse of ons i te  m a ter ia l  
c on ta m ina ted  by  res idua l  radioact iv i ty shou l d  b e  p r e v e n te d  th r o u g h  
a p p r o p r i a te  a d m inistrat ive con trols a n d  phys ica l  bar r iers- -act ive 
a n d  pass ive  con trols as  desc r i bed  by  th e  U .S . E n v i r o n m e n ta l  
P r o tec t ion A g e n c y  ( 1 9 8 3 - - p . 5 9 5 ) . T h e s e  con trols shou l d  b e  d e s i g n e d  
to  b e  e ffect ive to  th e  extent  r e a s o n a b l e  fo r  a t least  2 0 0  years.  
T h e  fede ra l  g o v e r n m e n t shal l  h a v e  title  to  th e  p r o p e r ty. 

O th e r  Rad ionuc l i de r  

f. L o n g - te r m  m a n a g e m e n t o f o th e r  rad ionuc l i des  shal l  b e  in  a cco rdance  
with C h a p te rs  2 , 3 , a n d  5  o f D O E  O rde r  5 8 2 0 .2 , as  app l i cab le .  

F. E X C E P T IO N S  

Excep tions  to  th e  r e q u i r e m e n t th a t a u tho r i zed  lim its b e  set e q u a l  to  th e  
gu ide l i nes  m a y  b e  m a d e  o n  th e  bas is  o f a n  analys is  o f site-speci f ic  a spec ts o f 
a  des i gna te d  site  th a t w e r e  n o t ta k e n  into a c coun t in  de r i v ing  th e  gu i de -  
l ines. Excep tions  r equ i r e  app rova l s  as  sta te d  in  S e c tio n  D . Speci f ic  
situ a tio ns  th a t w a r r a n t excep tions  a r e : 

a . W h e r e  r emed i a l  act ions w o u l d  p o s e  a  c lear  a n d  p r e s e n t risk o f in jury  
to  worke rs  o r  m e m b e r s  o f th e  g e n e r a l  publ ic ,  n o twi thstanding 
r e a s o n a b l e  m e a s u r e s  to  avo id  o r  r e d u c e  risk. 

b . W h e r e  r emed i a l  ac t ions - -even  a fte r  al l  r e a s o n a b l e  m itig a tive  
m e a s u r e s  h a v e  b e e n  ta k e n  - -wou ld  p r o d u c e  e n v i r o n m e n ta l  h a r m  th a t is 
c lear ly  excess ive c o m p a r e d  to  th e  hea l th  b e n e fits to  pe r sons  l iv ing 
o n  o r  n e a r  a ffec ted  sites, n o w  o r  in  th e  fu tu r e . A  c lear  excess of 
e n v i r o n m e n ta l  h a r m  is h a r m  th a t is l ong - te r m , m a n ifest, a n d  gross ly  
d i sp ropor t i ona te  to  hea l th  b e n e fits th a t m a y  r easonab l y  b e  
a n t ic ipated. 

C . W h e r e  th e  cost o f r emed i a l  act ions fo r  c on ta m ina ted  soi l  is 
un r easonab l y  h i gh  re lat ive to  l ong - te r m  b e n e fits a n d  w h e r e  th e  
res idua l  rad ioac t ive  m a ter ia ls  d o  n o t p o s e  a  c lear  p r e s e n t o r  fu tu r e  
risk a fte r  tak i ng  necessary  con trol m e a s u r e r . T h e  l i ke l ihood th a t 
bu i l d ings  wil l b e  e rec ted  or  th a t p e o p l e  wil l s p e n d  l o ng  pe r i ods  of 
tim e  a t such  a  site  shou l d  b e  cons i de red  in  e va l ua tin g  th is  risk. 
Remed i a l  act ions wil l gene ra l l y  n o t b e  necessary  whe re  on ly  m ino r  
q u a n tities  o f res idua l  rad ioac t ive  m a ter ia ls  a r e  invo lved  o r  w h e r e  
res idua l  rad ioac t ive  m a ter ia ls  occur  in  a n  inaccess ib le  locat ion  at 
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which site-specific factors limit their hazard and from which they 
are costly or difficult to remove* Examples are residual radio- 
active materials under hard-surface public roads and sidewalks, 
around public sewer lines, or in fence-post foundations. In order 
to invoke this exception, a site-specific analysis must be provided 
to establish that it would not cause an individual to receive a 
radiation dose in excess of the basic dose limits stated in 
Section B, and a statement specifying the residual radioactivity 
must be included in the appropriate state and local records. 

d. mere the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included in this judgment are the anticipated period of occupancy, 
the incremental radiation level that would be effected by remedial 
action, the residual useful lifetime of the building, the potential 
for future construction at the site, and the applicability of 
remedial actions that would be less costly than removal of the 
residual radioactive materials. A statement specifying the residual 
radioactivity must be included in the appropriate state and local 
records. 

e. Where there is no feasible remedial action. 

C. SOURCES 

Limit or Guideline Source 

Basic Dose Limits 

Dosimetry Model and Dose International Commission on Radiological 
Limits Protection (1977, 1978) 

Generic Guidelines for Residual Radioactivity 

Residual Concentrations 40 CFR 192 
of Radium and Thorium 
in Soil Haterial 

Airborne Radon Decay 
Products 40 CFR 192 

External Gamma Radiation 40 CFR 192 

Surface Contamination Adapted from U.S. Nuclear Regulatory 
Conxnission (1982) 

Control of Radioactive Wastes and Residues 

Interim Storage DOE Order 5480.M 

Long-Term Management DOE Order 5480.1A; 40 CFR 192 

-_ 
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U .S . D e p a r tm e n t o f E n e r g y . 1 9 8 4 . Former ly  U ti l ized-Sites Remed i a l  Ac tio n  
P r o g r a m . S u m m a r y  P r o tocol :  Id e n tifica tio n  -  Cha rac ter iza t ion -  
Des i gna tio n  -  Remed i a l  Ac tio n  -  Ce r tifica tio n . O ffice  o f Nuc lea r  E n e r g y , 
O ffice  o f Te rm ina l  W a s te  D isposa l  a n d  Remed i a l  Ac tio n , Div is ion o f 
Remed i a l  Ac tio n  Projects.  Apr i l  1 9 8 4 . 

U .S . D e p a r tm e n t of E n e r g y . 1 9 8 5 . S u p p l e m e n t to  U .S . D e p a r tm e n t of E n e r g y  
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‘A r g o n n e  N a tio na l  L a b o r a tory, 

P r e p a r e d  by  

N a t i ona l  
Los  A lamos  N a tio na l  L a b o r a tory, O a k R i d g e  

L a b o r a tory, a n d  Pacif ic No r thwes t L a b o r a to ry  fo r  th e  
U .S . D e p a r tm e n t o f E n e r g y . ( In p r e p a r a tio n .) 

U .S . Nuc lea r  R e g u l a to ry  C o m m ission. 1 9 8 2 . G u ide l ines  fo r  D e c o n ta m inat ion  of 
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Div is ion o f Fue l  Cyc le  a n d  M a ter ia l  S a fe ty, W a s h i n g to n , D C . July 1 9 8 2 . 
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APPENDIX B. PARAMETERS USED IN THE PATHWAY ANALYSIS 

The parameter values used in the pathways analysis and their sources are listed in 
Table B.l. All parameter values are reported to two significant digits. 

Parameter Unit Value Reference 

I -  

. - 

External Radiation Pathway (p = 1) 

(D'E)U-238,1 (mrem/yr)/(pCi/cm') 

(D'E)U-234,1 (mremlyr)l(pCi/cm3) 

FA1 
-8 

FO1 
-8 

FDU-238,1 
-8 

FDU-234, 1 
,a 

A . m2 

T m 

'b g/cm3 

Dust Inhalation Pathway (p = 2) 

(E/Al2 m3/yr 

F"2 
,a 

FS2 
,a 

(A/S)2 g/m3 

(D'E'U-238,2 mrem/pCi 

(D'E)U-234,2 mrem/pCi 

0.087 

9.5 x 10 -4 

0.61 

1.0 

0.45 

0.63 

200 

0.05 

1.5 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (198S) 

,b 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Argonne Natl. Lab (1987) 

Argonne Natl. Lab (1987) 

,b 

8400 Gilbert et al. (1985) 

1.0 ,b 

1.0 Gilbert et al. (1985) 

2.0 x 10 -4 ,b 

0.12 Gilbert et al. (1985) 

0.13 Gilbert et al; (1985) 

a.2 II-65 
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TABLE B.l Continued 

Parameter Unit Value Reference 

Ingestion Pathway (p = 3 and 4) . 

FA3 
FD3 

(D’Eb238,3&4 

(D’E)LJ-234 ,364 

(E/WI3 

(E/W)4 

1 

d 

K:; 

";; 

UZ 

@e 

UZ 

et 

eat 
e 

IL 

% 

mrem/pCi 

mrem/pCi 

L/yr 

L/yr - 

m 

al 

mL/g 

mL/g 

mL/g 

3 

3 

,a 

0.10 

1.0 

2.6 x 10 -4 

2.8 x 10 -4 

770 

410 

10 

5 

SO 

SO 

4 

0.03 

0.21 

0.25 

0.40 

,b 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

,‘b 

Gilbert et al. (1985) 

3 

U.S. Nucl. Reg. Corm. 
(1987) 

U.S. Nucl. Reg. Comm. 
(1987) 

U.S. Nucl. Reg. Comm. 
(1987) 

U.S. Nucl. Reg. Conun. 
(1987) 

U.S. Nucl. Reg. Cormn. 
(1987) 

U.S. Nucl. Reg. Com~ 
(1987) 

. 
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TABLE B.l Continued 

. 
..- 

Parameter 

KCI 

Unit 

m/p 

Value Reference 

2.1 x 10 4 U.S. Nucl. Reg. Comm. 
(1987) 

g/cm3 1.8 U.S. ‘Nucl. Reg. comm. 
(1987) 

-. Pp g/cm3 1.5 U.S. Nucl. Reg. Comm. 
(1987) 

3 ,a 0.01 U.S. Nucl. Reg. Comm. 
(1987) 

h m 1.0 U.S. Nucl. Reg. Conun. 
(1987) 

*. u mlyr 1.0 ,b 

“A hyphen means the parameter is dimensionless. 

%I o data are available; conservative values are used in this analysis. 

- 
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E xhibi t  II (2 )  -  Des igna tio n  o r  A u thor izat ion D o c u m e n ta tio n  

The  fo l low ing  d o c u m e n t a u tho r i zed  O K  des igna te d  th e  subject  site fo r  
r emed ia l  ac tio n . A  copy  o f th is  d o c u m e n t fo l lows.  

P a g e . 

M e m o r a n d u m , W il l iam  R . V o igt, Jr., Director,  
O ffice o f Remed ia l  A ct ion a n d  W a s te  Techno logy , 
O ffice o f Nuc lea r  Ene rgy , Depa r tm e n t o f Ene rgy  
H e a d q u a r ters, to  Joe  L a G r o n e , M a n a g e r , O a k  R idge  
O p e r a tions  O ffice. *'Des igna tio n  o f S ites  fo r  
Remed ia l  A ct ion -  M e ta l  Hydr ides,  Bever l y , M A : 
B r idgepor t B rass: Ad r i an , M I a n d  S e y m o u r , CT ; 
N a tiona l  G u a r d  A rmory , Ch i cago , IL ," N E - 2 0 , 
Wash i ng to n , D .C., D e c e m b e r  1 7 , 1 9 8 5 . 
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lAs i no% i n d u m  0 5 4 3 5 8  

‘-* D A n ?  D E C  l?  t% ii 
b  % Y to N E - 2 0  A llW  wi  

I UECI ,  
Des fg n a tlo n  o f S ite s  fo r  R e m e d i a l  A c tio n  - M e ta l  Hydr ides ,  Bever ly ,  
M A ; B r i dgepo r t B rass, Ad r r 'a n , H I a n d  S e y m o u r , CT; h a tlo n a t G u a r d  A rmory,  
C h Icago,  3 1  

h I_  m  J o e  L a G r a n c . M a n a g e r  
O a k  R i d g e  O p e r a tio n s  O fflct 

-, 

--. 

B a s e d  o n  th e  a tta c h e d  rad to log ica l  su rvey  d a ta  (A t tachments  1  th r o u g h  3 )  
a n d  a n  app rop r i a te  a u thor i ty  rev iew,  th e  fo l l ow ing  p roper t ies  a re  b e i n g  
ru fhor i zed  fo r  re rned la l  rct lon. It s hou l d  b e  n o te d  th a t th e  a tta c h e d  
survey  d a ta  a re  fo r  des l gna tlo n  pu rposes  on l y  a n d  th a t B e c h te l  N a tiona l , 
Inc.  ( B N I) shou l d  c o n d u c t app rop r i a te  comp rehens i ve  charac ter iza t ion  
s tud ies  to  d e te rm ine  th e  extent  a n d  m a g n ftu d e  o f c o n ta m i n a tio n  o n  th e s e  
proper t ies .  

S ite  l oca t ion  P riori ty 

-. 

,a . 

-- 

M -. 

Fo rme r  B r idgepor t  B rass  C o . 
( G e n e r a l  M o tors)  

Fo rmer  B r idgepor t  B rass  C o . 
Ad r i an , M I L o w  

( S e y m o u r  Y l re Spec ia l ty )  
N a tiona l  G u a r d  A rmory  

S e y m o u r , CT  
Fo rmer  M e ta l  Hydr ides ,  Inc.  . 

.Ch lcago,  IL  1 ::: 
( Y e n t ron Div., Th Ioko l  Co rp .) Bever ly ,  M A  M e d /L o w  

A t th e  B r idgepor t  B rass  S ites  In  A d r ta n , M S c h fg a n , a n d  S e y m o u r , 
C o n n e c ticut, th e  rad loact fve  m a ter ia l  fs inaccessIb le ,  a n d  If n o t 
d is turbed,  p o s ts n o  th r ea t to  a n y o n e , Lt., 
cove red  pits, etc. 

In  dra ins ,  sewers ,  in  conc re te  
Th is  b e i n g  th e  cast, O R /B N I shou l d  g i ve  se r ious  

cons ide ra t i on  to  l eav ing  the  rad ioact tve  m a ter ia l  in  p lace  a n d  a r r ang i ng  
fo r  Inst i tut Ional  c o n trol u n tfl m o d i f tcat4on o f th e  facit i t les occurs  fo r  
o the r  reasons ,  Th is  a p p r o a c h  was  used  fo r  s a n t o f th e  c o n ta m i n a tio n  a t 
G ilm a n  Hal l ,  Berke ley ,  Cal i forn ia,  a n d  th e  Univerr l ty  o f Ch i cago , Ch i cago , 
I l l inois. Howeve r , th e r e  m a y  b e  o the r  a reas  o f c o n ta m i n a tio n  d u e  to  
M a n h a tta n  E n g i n e e r  Dirtrict/A to m fc E n e r g y  C o W s s i o n  act ivi t ies b e l o w  th e  
floo r  a t th e  G e n e r a l  M o tors  p l an t in  Adr lsn ,  W ich lgan,  th a t h a v e  n o t b e e n  
d i scove red  because  th e r e  a re  n o  as-bui l t  d r aw ings  o r  o the r  d r aw fn g s  th a t 
s h o w  % n d e r g r o u n d "  dratns,  pits, e tc. Th is  posslbl l f ty  shou l d  b e  
cons l de red  by  th e  B N I staff in  p l ann i ng  th e  charact t r fzat lon survey.  

, -  

I .  

. -  

- -  

A  rumna ry  o f th e  V e n t ren Ce rpe ra tlo n  r td io log icat  su rvey  repor t  1 s  r t t iched 
(A t tachment  4).  
b y  O R N L . 

T h e  fu l l  repor t  ~ 1 1 1  b e  s e n t to  y o u  w h e n  It Is ffna l l zed  
T h e  d a ta  In  th e  suna ry  Is th e  rad fo log lca l  bas l t  fo r  c o n d u c tin g  

r emed ia l  act fon a t th is  f&cllfty. 
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If there art any questions, please call tw on rTS 2334716 or call Arthur 
CL Uhftman of my staff on nS 233-5439. 

e 

. 
C Is, i/O/G7 ’ 12//k/85 

iiMi:;rR. Volgt, Jr. N 23 

C Office of R~t1~dl81 Actlon 
lib 

and Waste Technology 
Delaney 

Office of Nuclear Energy /2 t/85 
- 

Attachments 
' 

Q 

NE 
1. Radfologlcsl Survey of the NatIonal ‘r 

Guard Armory, Chicago, IL a its 
C-- 2. Radlologksl Survey of the Former 

Wdgtpott Brass Co., AdrIsn, HI 
3. Follow-up Survey of Bridgeport Brass 

12//s/85 

cc? Co., Seymour, CT NE-2 
4. PrelImtnsry Report of Ventron Site, 

Beverly, HA vo d 

bee: 
E. Keller, OR, w/attach. 
&B. Berven, ORNL, w/o attach. 
3. Bergtr, ORAU, w/o attach. 
A. Whltman, NE-23, w/o attach. 
Aerospace, w/o attach, 

Baublltz RF 
Hhftman RF 
NEG (4) 

NE-23:AVh~tman:ph:359-15439:12/16/B5:18M:346/62:~,~~.3 
l 
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PREyACE AND EXECUTIVE SUlitlARY -.-_ _- - 

This is one in a series of reports resulting from a program initiated in 
1974 by the Atomic Energy Coprission (ARC) to determine the conditions of 
sites formerly used by the Manhattan Engineer District (RED) and the AEC for 
work involving the handling of radioactive material.* Since the early 194Os, 
the control of over 100 sites that were no longer required for nuclear pro- 
grams has been returned to private industry or to the public for unrestricted 
use. A search of RED and ARC records indicated that for some of these sites, 
existing documentation was insufficient to determine whether the decontamina- 
tion work done at the time nuclear activities ceased is adequate by current 
guidelines. The Illinois National Guard Armory at Washington Park, in Chicago, 
Illinois, is one such site. This facility, once used for uranium processing 
during the HED/AEC era, is now used as offices, classrooms, and atorage and 
garage areas. 

To determine if any contamination remains as a result of the RED/ARC 
activities, a comprehensive radiological assessment of the armory was con- 
ducted during the period from September 19, 1977, to October 11, 1978. Direct 
instrument surveys and smear surveys indicated that some contamination and 
radioactive materials were still present. Contamination or radioactive 
material was found at 82 locations in 18 rooms or areas throughout the 
National Guard Armory. However, some of this radioactivity was judged to be a 
result of later use, not ED/ARC operations. Contamination possibly resulting 
from RED/ARC activities was found at 73 locations in 11 rooms or areas 
throughout the Armory. Except for Rooms 1 and 260 (messhall) and the drainage 
system for the f loots of Rooms 1 and 5, where contamination was widespread, 
most of the contamination consisted of small localized spots (less than 
300 cm2), mainly on floors. The contamination in Room 1 was extensive and 
involved about 30% of the ceiling and floor and 200 a2 of concrete. The 
contamination in Room 260 (messhall) involved about 3 m2 of the concrete 
floor. The contamination on the floors was not easily removable, but most of 
the contamination on the ceiling was easily removable when smeared. The 

fThe various types and sources of radiation mentioned in this report are dis- 
cussed in more detail in Appendix 8. 
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contamination in the floor-drainage system for Rooms 1 and 5 consisted of 
about 2 m2 of contaminated brick and sludge in catch basins 3 and 4. 

Beta-gamma readings taken with a gas-flow proportional survey meter on 
the contaminated areas in Room 1 ranged from background to 3.4 x 10s dis/ 
min-100 m2. The alpha readings taken in Room 1 with the same instrument 
ranged from background to 5.8 x 10’ dis/rin-100 cm2. The highest Geiger- 
Mueller (CR) End-Window contact exposure-rate reading from contamination in 
Room 1 was 3.0 mR/h; no GM End-Window exposure-rate readings taken at 1 P were 
distinguishable from the instrument background of 0.03-0.05 mR/h. 

The beta-gamma contamination levels detected in the rest of the National 
Guard Armory with the gas-flow proportional survey meter ranged from 1.7 x lo3 
to 3.1 x lo5 dis/min-100 cm2. The alpha readings at those locations ranged 
from background to 5.8 x lo2 dis/min-100 cm2. The highest GM End-Window 
contact exposure-rate reading in the rest of the National Guard Armory was 
0.5 mR/h, with no GH End-Window exposure-rate readings taken at 1 5 distin- 
guishable from the instrument background. 

Contamination was detected on 50 of the smears collected during the 
survey; 48 of them were from Room 1. The beta-gaaaaa readings of smears ranged . 
from background to 2.5 x 10s dis/min-100 ao2, and the alpha readings ranged 
from background to 1.7 x lo3 dis/min-100 cm2. 

The readings obtained from the instrument and smear surveys were coa>ared 
with the standards and guidelines in the American National Standard N13.12, 
“Control of Radioactive Surface Contamination on Materials, Equipment, and 
Facilities to be Released for Uncontrolled Use,” and the Nuclear Regulatory 
Commission “Guidelines for Decontamination of Facilities and Equipment Prior 
to Release for Unrestricted Use or Termination of Licenses for By-Product, 
Source, or Special Nuclear Material.” 

It is known that uranium processing took place at the National Guard 
Armory during the MD/ARC era. Additionally, through gamma-spectral analysis 
of a sludge/dirt sample from a catch basin, the contaminant was identified as 
predominately normal uranium. Hence, the limits for uranium have been used 
for comparative purposes. The Ibits for uranium as given in the ANSI Stan- 
dard 113.12 are 5000 dis/min-100 cm2 total, of which only 1000 dis/min-100 cm2 
can be removable. Contamination possibly due to KED/AEC occupancy was found to 
exceed these limits at 42 locations in 9 rooms or areas throughout the National 
Guard Armory. Four of these locations also exceeded “the maximum radiation 
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level of 1 .O srad/h at 1 cm or the average radiation level of 0.2 m rad/h at 
1 cm” as given in the NRC Guidelines for surface contamination resulting from 
beta-gapsra emitters. Room 1 contained 3G of the 42 locations of contamination 
that exceeded the ARSI limits. Nine of these were on the floor, one on a 
pillar, and 20 on overhead structures. Two of the Room 1 locations also 
exceeded the NRC Guidelines for maximum radiation levels associated with 
surface contamination. One of these was on the floor (2.0 mR/h) and the other 
on a catch basin manhole cover (3.0 mR/h). The contamination was in most 

instances found to be removable and available for transfer to other locations, 
but under current use conditions, the potential for significant radiation 
exposure to occupants of the armory from these sources of contamination is 
believed to be small. 

Radon daughter concentrations determined by indoor air samples ranged 
from 0.0003 to 0.0193 Working Levels (WL), including background. Grab- 
sampling techniques were used to collect the samples at selected locations, 
including the areas where contamination had been found during the direct 
surveys. Under the Surgeon General’s Guidelines in 10 CFR 712, no need for 
remedial action is indicated when concentrations of radon daughters are less 
than 0.01 WL above background concentrations. The concentrations measured in 
the National Guard Armory air samples indicated normally expected background 
fluctuations. Radon concentrations, as determined from the radon-daughter 
measurements, ranged from 0.03 to 1.93 pCi/a, well below the concentration 
guide of 3 pCi/J for an uncontrolled area as given in the Department of 
Energy’s “Requirements for Radiation Protection”. No long-lived radionuclides 
were detected on any air sample. 

Soil samples taken about the grounds and within the drainage system of 
the National Guard Armory to determine the presence of any radionuclides that 
could have been spilled or released during ?fED/AEC activities contained 
uranium concentrations ranging from  less than 0.1 to 3.6 pCi/g. Background 
samples taken from the Chicago area indicated concentrations of natural 
uranium ranging from 0.6 to 2.2 pCi/g. Bven though some of the samples 
collected about the armory exceeded the 2.2 pCi/g raximum measured in the 
background samples, the armory readings are most probably not a result of 
contamination. Since fertilization of the soil with inorganic compounds can 
increase the levels of uranium and thorium, these slightly elevated readings 
could have been a result of fertilization rather than residual contamination. 
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Analysis of the sludge/dirt sample taken from the drainage system for the 
floors of Rooms 1 and 5 indicated elevated levels of uranium (1.1 x 10’ pCi/g, 
nomal uranium). There now are no standards specifying a limit for uranium in 
soil, but, the measured uranium concentration in the sludge/dirt sample does 
exceed the proposed interim soil limit of 40 pCi/g for decommissioning and 
decontamination projects. (Ref. 1 and Appendix 6). 

Potential radiation doses resulting from exposure to the radioactivity 
remaining from lfED/ABC use of the armory were calculated for a pathway that 
could result in the presumed maximum SO-year dose commitments from inhalation/ 
ingestion of contaminants. The internal radiation SO-year dose comitments 

from potential inhalation/ingestion of contamination remaining from HED/AEC 
activities were calculated to be 2.5 mrem to the lung, 0.51 q rem to the bone, 
0.12 mrem to the kidney, and 0.031 mrem whole-body. Each of these is less 
than 0.5% of the appropriate standards for an individual in an uncontrolled 

area. 
In order to reduce the potential for radiation exposure, remedial 

measures such as stabilization of the contamination in place would be applic- 
able as a short-term measure. In order to reduce the risk in the event that 
building modifications take place in the future, health physics procedures and 
coverage are recoannended. The long-term solution would involve decontamina- 
tion by removal of the radioactive residues from the 11 rooms or areas in the 
facility. 

This survey was performed by the following Health Physics personnel of 
the Occupational Health and Safety Division, Argonne National Laboratory, 
Argonne, Illinois : R. A. Wynveen, W. ?I. Smith, C. Boggs Hayes, P. C. Gray, 
and D. W. Reilly 
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RADIOLOGICAL SURVEY OF NATIONAL GUARD ARHORY 
AT WASHINGTON PARR, 

52nd STREET AND COTTAGE GROVE AVENUE, 
CHICAGO, ILLINOIS 

ABSTRACT 

A comprehensive radiological survey was conducted at the Illinois 
National OLlord Armory at Washington Park in Chicago. This facility, used for 
uranium processing during the !fED/AEC era, is now used as offices, classrooms, 
and storage and garage areas. 

The survey was undertaken to determine the location and quantities of any 
radioactive materials remaining from the WED/ARC operations. Survey mea sure - 
cents included alpha and beta-gamma contamination determinations, both fixed 
and rcnrovable; beta-gamma exposure readings at contact and at 1 ID; concentra- 
tion estimates of radon daughters; and concentration determinations for la7Cs, 
the ms2Th decay chain, the 226Ra decay chain, and uranium in the soil on the 
site. 

Forty-two spots of contamination in nine rooms or areas exceeded the 
allowable limits for uranium as given in the ANSI Standard N13.12. In most 
instances, the contamination was found to be removable and available for 
transfer to other locations. However, under current use conditions, the 
potential for radiation exposure to occupants of this building from these 
sources of contamination is small. 

Concentrations of radon daughters in the air in the building, as measured 
by grab-sampling techniques, were less than the limit of 0.01 WI above back- 
ground as given in the Surgeon General’s Guidelines in 10 CFR 712. No long- 
lived radionuclides- were detected in any air sample. Concentrations of 
radionuclides in roil samples collected around the facility indicated essen- 
tially background levels. 

The presumed maximum SO-year dose commitments from potential inhalation/ 
ingestion of residual contamination were calculated to be 2.5 arem to the 
lung, 0.51 mrem to the bone, 0.12 mrem to the kidney, and 0.031 mrem whole- 
body; each of these ir less than 0.5% of the appropriate standards for an 
individual in an uncontrolled area. 
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In order to reduce the potential for radiation exposure, remedial 
measures such as stabilization of the contamination in place would be appli- 
cable as a short-term measure. In order to reduce the risk in the event that 
building modifications take place in the future, health physics procedures and 
coverage are recommended. The long-term solution would involve decontami- 
nation by removal of the radioactive residues from the 11 rooms or areas in 
the facility. 

INTRODUCTION 

To resolve a critical space problem suffered by the Manhattan Engineer 
District, the United States Government leased from the State of Illinois the 
124th Field Artillery Armory (presently the Illinois National Guard Armory at 
Washington Park) at 52nd Street and Cottage Grove Avenue in Chicago, Illinois, 
for work involving radioactive material. Beginning in March 1942, the build- 
ing was used jointly by the WED Metallurgical Laboratory and the University of 
Chicago. The AEC terminated use of this facility in 1951, and the property 
was returned to the State of Illinois. 

Personnel involved with the armory during the HED/AEC era recalled that 
some type of uranium processing was conducted there and that the grandstands 
surrounding the armory arena were used for storage of radioactive materials.* 
The use’ of the arena could have involved both the chemical .processing and 
metal casting of uranium. After WED use of the armory ceased, contaminated 
dirt from the arena was removed. No record could be found of where the dirt 
was taken. Later, more dirt was removed from the arena and replaced with a 
concrete pad. Conversations with personnel involved with the facility also 
revealed that there was an effort to decontaminate some of the bleachers in 
the arena. However, no reports of radiation surveys or decontamination 
efforts conducted at the facility upon termination of HRD/ARC activities could 
be found. It was, therefore, requested by the Energy Research and Development 
Administration, Chicago Operations Office, that a comprehensive radiological 
surPey of the armory should be undertaken to determine if any detectable 
radioactive contamination remains as a result of the HED/AEC operations. 

*See Appendix 8 for a detailed discussion and definitions of the various terms 
and concepts mentioned in this report relative to types of radiation, expo- 
sures, doses, and similar topics. 
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The survey was performed on an intermittent basis between September 19, 1977 
and October 11, 1978. 

The Illinois National Guard Armory is presently occupied by the Illinois 
National Guard and houses the 1st Battalion, 178th Infantry and the 2nd Bat- 
talion, 122nd Field Artillery. It is currently used for offices, classrooms, 
and storage and garage areas. 

SURVEY AND ANALYTICAL TECRNIQUES 

Genera 1 

A radiological survey of the armory was performed on all accessible 
floors and original walls to a height of 2 m (7 ft).* A representative selec- 
tion of accessible overhead structures, such as ceilings, pipes, vents, and 
light fixtures, were also surveyed. In many areas, the floors and walls had 
been retiled or painted after the HED/AEC era. Even though these were not the 
original surf aces, these areas were surveyed with instruments that have some 
capability to detect potential beta-gamma activity on the underlying surfaces. 
Locations of accessible areas surveyed are indicated in Table 1 and Figures 2 
through 26. (Rooms 1 through 199 are on the first floor, Rooms 200 through 
299 on the second floor, Rooms 300 through 317 on the third floor, and 
Room 401 is on the fourth floor.) 

Instrumentation Used for Direct Sumey 

Five types of survey instruments were used in the direct surveys. An 
Eberline gas-flow proportional probe (I?+4G) with a detection area of 325 cm* 
and using the Eberline PAC-LG.3 electronics was used to survey the floors. A 

PAC-4G-3 with a hand-held gas-flow proportional probe and with a detection 
area of 51 cm* was used to survey the walls and other areas inaccessible with 
the floor monitor. An Eberline Hodel 530 Geiger-Mueller (GH) detector with an 

Ruben rttric units are followed (in parentheses) by English units, the meas- 
urements were originally rade in English units and then converted into metric. 
In cases where only metric units are given, the values were either original- 
ly given in metric, or resulted from calculations involving numbers previous- 
ly converted from English into metric. 
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Ebtrline HP-190 end-window probe was used to measure the contact exposure rate 

(mR/h) of the contaminated areas. This instrument also was held 1 P (3 ft) 
shove the floor to determine general ambient background radiation levels 
throughout the surveyed area. 

Two other instruments were introduced toward the completion of the survey 
snd also were used to detect the presence of any contamination in the catch 
basins in the armory. One, an Eberline Pulse Rate Meter Model PRR-S-3 with a 
Model PG-2 Low Energy Gamma Scintillation Detector, was used to detect low- 
energy x and gamma radiation. The other, an Eberline Micro R/h Scintillation 
Heter node1 PRH-7, was used to detect higher energy gasssa-rays. 

All five instruments are described in more detail in Appendix 1. 
Although 239Pu and goSr-aoy standards were used to calibrate the gas-flow 

instruments, it should be noted that the numerous isotopes that could be 
encountered exhibit emission energies differing from those of the standards 
used in the calibration. When detecting known isotopes that emit alpha and 
beta energies differing from those of the standards, such as normal uranium, a 
conversion factor for those particular radionuclides was developed to deter- 
mine the appropriate yield. (The methods used to determine the conversion 
factors are described in Appendix 2.) All readings of disintegrations per 
minute per 100 cm* (dis/min-100 cm*), as reported in Table 1, are equated to 
normal uranium, unless otherwise stated. It should also be noted that since 
calibrations are to infinitely-thin flat-plate standards, all reported read- 
ings should be regarded as minimal values; no corrections were made for 
absorption by surface media within the amtory. 

When possible, the isotopes of contamination were identified by perform- 
ing a games-spectral analysis (using a multichannel analyzer described in 
Appendix l), on the contaminated item or on a sample of material taken from 
the contaminated area.* This instrument, along with all other survey and 
sampling devices, was housed in s mobile laboratory, a converted motor home. 

such analysis was performed on one sample collected during the survey. 
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Dry smears were tsken at selected locations throughout the National Guard 
Armory facility. Smears vere taken on original structures and components such 
as walls, floors, pipes and vents. All standard smears vere taken with 
Whatman No. I filter paper, 4.25 cm in diameter. A standard smear is per- 
forped by applying moderate pressure by the tips of the first two fingers to 
the back of the filter paper and mbbing the paper over the surface. Smears 

of about 930 cm* (1 ft*) were normally taken. A smear of 100 cm* was taken if 
an area or object had an instrument reading higher than normal background, or 
if there was excessive dirt or dust in an srea. 

Two different instruments were used to measure (count) the contamination 
on the smears. They were first counted in groups of ten using a lo-wire 
flat-plate gas-flow proportional detector developed by ANL. The instrument 
detects alpha and beta particles and x- and gamma-rays. Additionally, at 
least one smear of each group was removed and counted in the more sensitive 
Nuclear Measurements Corp. 2n Internal Gas-Flow Proportional Counter (PC 
counter) using an aluminized Mylar cover (Hylar spun top) over the smear. All 
smears from areas or objects with elevated direct readings and, smears in 
groups indicating readings above the instrument background levels in the 
IO-wire assembly were individually counted in the PC counter. Smears were 
counted in each detector for both slpha and beta-gasssa activity. These 
instruments are described in detail in Appendix 1. 

In addition to collection of standard smears, a 100-g helium weather 
balloon (see Figure 29) was used in the arena to obtain smears of overhead 
structures (beams) that were about 27 a high. A small wooden cross frame was 
attached to the base of the balloon, and at one end of the cross frame was a 
small wooden block (covered with a foam pad) used to hold the smear paper. 
The smear paper used for the balloon smears was Whatman No. 1 paper, 15 an in 
diameter. Control strings were rttached to the wooden cross-frame to maneuver 
the balloon so smears could be obtained. The control strings were maneuvered 
to apply pressure while the smear was being taken. A S-cm diameter portion of 
the filter paper was then cut and counted in the PC counter for both alpha and 
beta-gasssa activity. 
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The smear-count conversion factors used to convert instrument counts to 
disintegrations of a particular isotope for all the smears are given in Appen- 
dix 2. Unless othervise indicated, all contamination on the smears reported 
in Table 1 is equated to normal uranium, ss described in Appendix 2. 

The results of the instrument surveys and smears are given in Table 1, 
and the locations of elevated instrument readings and smear locations are 
shown in Figures 2 through 26. Since the contamination was widespread in 
Room 1, Figure 2 includes only the locations where elevated direct instrument 
readings and/or smear contamination was found. 

Air Samples 

Air samples were collected with a commercial vacuum cleaner modified at 
ANL for use as a particulate air-sampling device. A flow rate of 40 cubic 
meters per hour (m3/h) was used. A 10% portion (5 cm in diameter) was removed 
from the filter media after collection and counted for both alpha and beta- 
gamma activity in the PC counter, using a Hylar spun top. The counting 
results were used to determine radon and radon daughter concentrations and the 
presence of any long-lived radionuclides. Information and assumptions used to 
determine the radon daughter concentrations are presented in Appendix 3; the 
results are given in Table 2, and the locations where air samples were col- 
lected are shown in Figures 2 through 24. 

Soil Samples 

Environmental soil corings were collected at selected undisturbed loca- 
tions outside the National Guard Armory to detect any deposition of radio- 
active material that could have been spilled or released during &D/AK 
activity. Nine environmental soil samples were taken from the grounds adja- 
cent to the armory; the locations are shown in Figure 28. Uranium-fluoro- 
metric and gamma-spectral analyses were conducted on these soil samples. The 
coring6 were taken with a 10 cm (4 in.) diameter, 15 cm (6 in.) long, right- 
circular cylinder cutting tool commonly used to cut golf-green holes. Each 
core was 30 cm long, and each was divided into four segments. Starting from 
the surf ace, three separate 5 cm segments were cut, bagged, and marked A, B, 
and C, respectively; the final segment of 15 cm was marked D (see Figure 31). 
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T h e  s e g m e n te d  co r ing  te c h n i q u e  was  u s e d  to  d e te rm ine  if a n y  c o n ta m i n a n t 
m igra t ion  h a d  occur red ,  to  r educe  th e  d i lu t ion  of upper - l eve l  so i l  wi th  th e  
lower - leve l  s e g m e n ts wi th respect  to  th e  sur face depos i t i on  o f th e  c o n tami -  
n a n ts (or  v ice  versa) ,  a n d  to  revea l  if a n y  o ve r bu r den  o r  backf i l l  m a ter ia l  
h a d  b e e n  a d d e d  ove r  th e  years .  

T h e  soi l  s amp les  we re  p r epa r ed  at A r g o n n e  N a tiona l  L a b o r a to ry  a n d  sh i pped  
to  a  cossserc ia l  l abora to ry  ( LFE  E n v i r o n m e n ta l  Ana lys i s  L a b o r a tor ies)  fo r  
r ad iochemica l  (fl u o r o m e tric) a n d  g a m m a - s p e c tral ana lyses .  The i r  ana lys is  
p rocedu res  a re  desc r i bed  in  A p p e n d i x  4 . As  s h o w n  in  F igu re  3 1 , s a m p l e  p rep -  
a ra t ion  cons is ted  o f we i gh i ng  th e  samp les  a n d  th e n  d ry ing  th e m  fo r  a b o u t 
2 4  hou r s  a t 8 O O C . A ll s amp les  we re  th e n  r e w e i g h e d , p l a ced  in to m ill jars  

(8 .7 2 1 , a n d  m i l led u n til a  suff ic ient a m o u n t o f th e  soi l  s a m p l e  w o u l d  pass  a  
N o . 3 0  s tanda rd  ( 6000m ic r on  mesh )  s ta in less s tee l  s ieve.  A t n o  po i n t we re  th e  
rocks  a n d  so l id  m a ter ia l  g r o u n d  o r  pu lver ized ,  s ince  th is  m a ter ia l  w o u l d  act  
as  a  d i luen t  a n d , h e n c e , l ower  th e  repo r ted  c o n c e n trat ion o f depos i t ed  rad io -  
act ive m a ter ia l .  T h e  rocks a n d  d ross  a n d  th e  s i eved  m a ter ia l  we re  s e g r e g a te d , 
b a g g e d , a n d  w e i g h e d  sepa ra te ly  (we igh ts  a re  g i ven  in  Tab l e  3).  

A l iquots  o f th e  s i eved  m a ter ia l  we re  l o a d e d  in to sc rewtop  plast ic  con -  
ta iners .  T h e  a m o u n t p l a ced  in  th e  c o n ta ine rs  va r ied  acco rd i ng  to  th e  type o f 
ana lys is  to  b e  pe r fo rmed- -  1 0 0  g  fo r  gasssa-spec t ra l  a n d  rad iochemica l  ( f luor-  
o m e tric) ana lys is  a n d  1 0  g  fo r  r sd iochemica l  ( f luorometr ic)  on ly .  

Eve ry  e ffort  was  m a d e  th r o u g h o u t th e  s a m p l e  p r epa ra tio n  o p e r a tio n s  to  
e l im ina te  c ross-cont rminat ion.  So i l  s amp les  suspec ted  o f c o n ta i n i ng  e leva ted  
a m o u n ts o f radioact iv i ty  we re  p rocessed  in  sepa ra te  e q u i p m e n t f rom th a t u s e d  
to  p rocess  th e  soi l  s amp les  cons i de red  to  c o n ta i n  b a c k g r o u n d  levels.  Add i -  
tiona l ly ,  a l l  ite m s  o f e q u i p m e n t were  tho rough l y  s c r ubbed  a n d  a i r  d r i ed  b e fo re  
in t roduct ion  of th e  n e x t s a m p l e . 

In  add i tio n  to  th e  n i ne  e n v i r o n m e n ta l  so i l  samp les ,  a  d i r t /s ludge ssmp le  
( 30S lO )  was  ta k e n  f rom th e  d r a i nage  sys tem fo r  th e  floo rs  o f R o o m s  1  a n d  5 . 
Th is  s a m p l e  was  ta k e n  f rom th e  s e d i m e n ts a t th e  b o tto m  of C a tch Bas i n  3  ( see  
F igu re  2 7  fo r  locst ion).  T h e  s a m p l e  was  co l lec ted  wi th a  1 .9  c m  d i a m e te r  p i pe  
sec t ion  d r i ven  a b o u t 5  c m  in to th e  res idus l  s l udge  th a t h a d  a c cumu l a te d  in  th e  
ca tch  bas i n  ove r  th e  years .  W h e n  th e  p i pe  was  ext rac ted f rom th e  depos i ts ,  
th e  co re  s a m p l e  r e m a i n e d  in  th e  p i pe  u n til s h a k e n  in to a  p last ic  b a g . T h e  
p r epa ra tio n  o f th is  s a m p l e  was  s imi lar  to  th a t desc r i bed  a b o v e  fo r  th e  env i -  
r o n m e n ta l  so i l  samp les .  Roweve r , b e c a u s e  o f its re lat ive ly  sma l l  m a s s , th e  
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susple was milled with s l ortsr and pestle prior to sieving. Aliquots of the 
sieved material were loaded into screwtop plastic containers and sent to the 
Analytical Chemistry Laboratory at ANL for analysis. Eight grams were sent 
for gamma-spectral analysis and 2 g for radiochemical (uranium-fluorometric 
and uranium mass spectrometry) analysis. 

Results of the analyses of the soil samples and of the sludge/dirt sample 
are shown in Table 4. Background data for comparison with the soil sample 
analyses were obtained from a number of soil samples collected in the Chicago 
area (see Table 5). This information was obtained from the Environmental 
Bonitoring Section of the Occupational Health and Safety (OHS) Division of 
Argonne National Laboratory. 

SURVEY RESULTS 

Genera 1 

The results of the radiological survey are discussed in this section. 
The PAC-4G-3 instrument readings and smear results have been normalized to 
units of disintegrations per minute per 100 square centimeters (dis/min- 
100 cm*) using the factors derived in Appendix 2 and are equated to normal 
uranium, unless otherwise stated. The PAC-4G-3 readings and smear data are 
reported in net count rates; i.e., the background count rates have been sub- 
tracted from the gross count rates prior to conversion to dis/min-100 cm*. 
Any alpha contributions have been subtracted from the readings taken in the 
beta mode so that the corrected values reflect only the beta-gamma readings. 
The GM exposure rates given in Table 1 include the instrument background of 
0.03-0.05 mR/h. 

Room background levels varied somewhat, due in part to differences in the 
construction materials used. The average background readings for all modes of 
operation of the instruments used are given in Appendix 1. 

The fraction of surface areas accessible for survey varied from room to 
room. The percentages of the areas accessible for survey are indicated in 
Table 1. The average percentage of the total area that was accessible was 80% 
for the floors and 70% for the walls. 
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Instrument and Smear Surveys 

Radioactivity, i.e., measurements indicating above background levels, was 
found at 82 locations in 18 rooms or areas throughout the National Guard 
Armory. (See Table 1 and Figures 2 through 26 for the maximum instrument 
readings at these locations. ) Some of this radioactivity was determined to 
have resulted from later use, not MD/ARC operations. For example, radio- 
active sources and other items (including a radium dial, radioluminescent 
radio knobs, a gas mantle containing thorium, and radioluminescent compass 
dials) not related to !fED/AEC operations were found in Rooms 3D, lOlA, 121, 
141, 144, 147, and 150. 

Contamination possibly present as a result of the ?fED/AEC occupancy was 
found at 73 locations in 11 rooms or areas throughout the National Guard 
Armory. With the exception of Rooms 1 and 260 (resshall), and the drainage 
system for the floors of Rooms 1 and 5, the contamination consisted of small 
localized spots (2 300 cm*), found mainly on the floors. The contamination in 
Room 1 was extensive (see Figures 2s and 2b). Much of the ceiling and floor 
of this room was found to be contaminated, especially toward the southeastern 
side of the room, where most of the contamination was located. About 30% of 
the concrete floor and ceiling areas were involved, representing about 200 m* 
of concrete. The areas of contamination on floors were, for the most part, 
spots of contamination, but the ceiling areas were more widespread. Host of 
the ceiling in the southeastern corner was contaminated. The PAC beta-gamma 
contamination levels in Room 1 ranged from background to 3.4 x lo5 dis/min- 
100 cm*. The maximum beta-gasssa reading, 3.4 x IO5 dis/min-100 cm*, was at 
location 104 on a catch basin manhole cover. The highest GM contact exposure 
rate reading of 3.0 mR/h was also on this manhole cover. The PAC alpha con- 
tamination levels in Room 1 ranged from background to 5.8 x 10’ dis/min- 
100 cm*. The maximum alpha reading, 5.8 x 10’ dis/min-100 cm*, was at loca- 
tion 121 on the ceiling. No Gw exposure-rate readings taken at 1 m were 
distinguishable from the instrument background of 0.03-0.05 x&/h. 

The PAC bets-gasssa contamination levels detected in the rest of the 
National Guard Amory ranged from 1.7 x 10” to 3.1 x lo5 dir/bin-100 cm*. The 
maximum beta-gaPPma reading outside Room 1, 3.1 x 10’ dis/min-100 cm*, was at 
location 821 on the floor of Room 260 (see Figure 16). The highest GH contact 
exposure rate reading of 0.5 mR/h was also found at this location. The PAC 
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alpha contamination levels detected in the rest of the armory ranged from 
background to 5.8 x lo2 dis/min-100 cm2. The maximum alpha reading, 5.8 x lo2 
dis/min-100 cm2, was at location 1081 on the floor of the 2nd.floor corridor 
(ret Figure 19). No GH exposure rate readings taken at 1 II were distin- 
guishable from the instrument background. 

In addition to the room aurvcys, all accessible areas of the drainage 
system for the floors of Rooms 1 and 5 were surveyed (set Figure 27). Catch 
Basins 3, 4, and 6 were opened and surveyed with the PAC-4G-3 and PRH 5-3 
instruments. As indicated in Table 1, contamination was detected in Catch 
Basins 3 and 4. The maximum beta-gamma contamination levels were 5.1 x 
lo3 dis/min-100 cm2 at locations 1199 and 1201 on the walls inside Catch 
Basins 4 and 3, respectively. Each location involved about 1 m2 of contami- 
nated brick and sludge. A gamma-spectral analysis was performed on a sample 
taken from inside Catch Basin 3. Results of the analysis indicated that the 
contaminant was predominantly normal uranium.* (Set Figure 30 for the gamma 
spectrum.) Catch Basins 1, 2 and 5, were staled shut and could not be opened. 
Micro R meter (PRH-7) readings, taken with the instrument in contact with the 
catch basin manhole covers, were not distinguishable from the instrument 
background readings of 5-7 p/h. These catch basins are apparently connected 
to the Chicago sanitary sewer system. 

Results of the smear survey indicated that 50 smears in the following 
rooms showed loose contamination: 

l Room 1 (see 

Figs. 2a b 2b) 
48 smears of the floor and ceiling were contaminated. 
Location 121 of the ceiling had the highest level of 
contamination, 2.5 x lo3 dis/min-100 cm2 beta-gamma 
and 1.7 x lo3 dis/min-100 cm2 alpha. (Set Table 1 
for readings of other contaminated smears.) 

me term “normal uranium” refers to uranium which has been Etparated from its 
radioactive decay daughter products and other impurities, and which has the 
normal isotopic percent abundance as found in nature. The normal percent 
abundances art 0.0057% 2s4U, 0.7196% gSsU, and 99.276% *38U (Ref. 2). The 
less precise definition of normal uranium as 0.7% 235U, 
tract of 2S4U is sometimes used for brevity in discussions. 

99.3% 238U, and a 
The term natural 

uranium denotes uranium and all daughter products as found in its natural 
state in the earth, and is somttimes incorrectly referred to as normal uranium. 
Appendix 5 contains 
normal U. 

the detailed calculation of the specific activity of 
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l Room 1E (set Location 174 of the floor was background beta-gamma 
Fig. 2) and 11 dis/rin-100 cm2 slpha. 

l Room 5 (set 
Fig. 6) 

Location 497 of the floor was 14 dis/min-100 cm2 
beta-gama rnd background alpha. 

No contamination statisticrlly greater thsn the instrument background of the 
gas-flow proportional counters, as given in Appendix 1, was detected on any 

other smears. In Room 1, only locations of contaminated smears 8re shown in 
Figures Pa 8nd 2b. In other rooms, all smear locations are shown in Figures 3 
through 26. 

Results of the instrument and smear surveys were compared with both the 

American National Standards Institute (ANSI) Standard N13.12, “Control of 
Radioactive Surface Contamination on Materials, Equipment, and Facilities to 
be Released for Uncontrolled Use,” and the NRC’s “Guidelines for Dtcontamina- 
tion of Facilities and Equipment Prior to Release for Unrestricted Use or 
Termination of Licenses for By-Product, Source, or Special Nuclear tlaterial” 
(set Appendix 6). Since normal uranium was identified in the building, the 
surface contamination limits for uranium were used for comparative purposes. 
The allowable limit in the ANSI Standard for uranium activity is 5000 dis/ 

min-100 cm2 total, of which only 1000 dis/min-100 cm2 can be removable. These 
levels may be 8vtragtd over 1.0 m2 , provided the maximum activity in any area 
of 100 cm2 is less than three times the limit value. The NRC Guidelines for 
uranium are stated 8s follows: the average is 5000 dis/min-100 cm2 rlpha, the 
maximum is 15,000 dis/min-100 cm2 8lpha, and the removable is 1000 dis/min- 
100 cm2 alpha. The measurements used for the average may not be averaged over 
more than 1 q *, 8nd the maxhum level applies to 8n area of not more than 
100 cd. Also, the svtrrrgt 8nd maximum radiation ltvth 8SSOCi8ttd with 
surface contamination resulting from beta-grama emitters should not exceed 

0.2 mad/h at 1 cm rnd 1.0 mad/h 8t 1 cm, respectively, measured through not 
more than 7 l g/an* of total rbsorber. The ANSI Standard is identical to the 

RRC Guidelines for uranium; however, the ANSI limits do not exclude the dtter- 
l ination of uranium by beta-gamma activity, whereas the NRC Guidelines 8rt 
stated in terms of alpha activity only. 

The 42 locations in which contamination possibly due to WED/AEC activi- 
ties were found to be greater than the acceptable limits art listed in Table 6. 
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Air Samples 

Results of the analysts of air samples collected at 34 selected locations 
art presented in Table 2. Techniques detailed in Appendix 3 were used to 
determine the radon-222 concentration and daughter working levels (UL) at each 
location. The results ranged from 0.0003 to 0.0193 UL and were within the 
range of values normally expected for background concentrations. Under the 

U.S. Surgeon General’s Guidelines in 10 CFR 712 (set Appendix 6), conctntra- 
tions of radon daughters of less than 0.01 WI, above background do not indicate 
8 need for remedial action. Radon concentrations, as determined from the 
radon-daughter measurements, ranged from 0.03 to 1.93 pCi/a, well below the 
concentration guide of 3 pCi/& for 8n uncontrolled area, as given in the 
Department of Energy’s “Requirements for Radiation Protection.” No long-lived 
radionuclides were detected on any air sample. 

Soil Samples 

Results of the ganrma-spectral and uranium-fluorometric analysts performed 
on the samples by LFE Environmental Analysis Laboratories and ANL Analytical 
Chemistry Laboratory art listed in Table 4. The analysts indicated conctntra- 
tions of uranium in environmental soil samples ranging from < 0.1 to 3.6 pCi/g. 
As indicated in Table 5, levels of natural uranium in background samples col- 
lected in the Chicago area ranged from 0.6 to 2.2 pCi/g. Even though the 

concentrations in some of the samples collected around the armory exceeded 
2.2 pCi/g, the elevated concentrations were likely not a result of contamina- 
tion resulting from KED/AEC activities. Since fertilization of the soil with 
inorganic compounds can result in increased levels of uranium and thorium, the 
slightly elevated concentrations detected in some of the armory samples could 
have been 8 result of fertilization rather than residual contamination. 
Results of the analysts of the sludge/dirt sample taken from the drainage 
system for the floors of Rooms 1 8nd 5 indicated a concentration of normal 
uranium of 1.1 x 10' pCi/g, far in excess of the proposed interim soil limit 
of 40 pCi/g (Ref. 1). 
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ESTIMATED EXTENT OF CONTAMINATION 

Any estimate of the total mass and volumt of radioactively cont8minattd 
material that would be generated by r-dial sction 8t the National Guard 
Armory is subject to many uncertainties. For example, one can only surmise as 

to the rctual depth of contamination within concrete 8nd brick. For the 
purposes of this report, it will be assumed that contamination on concrete or 
brick will require removal to a depth of 5 cm (2 in); contamination on the 
iron manhole cover to Catch Basin 3 will require the removal of the entire 
cover , estimated to have a mass of 68 kg (150 lb). These assumptions are 
believed to be conservative. 

Estimates of the total 8ctivity of contaminated material are likewise 
subject to some uncertainties because of survey limitations. Unless otherwise 
stated, all readings of dis/min-100 cm2 (as reported in Table 1) art equated 
to thin flat-plate standards. No corrections are made for absorption by sur- 
fact media since any correction factors would, in themselves, only be rough 
estimates . Hence, estimates of activity in surface media could be under- 
estimated. 

Despite these uncertainties and limitations, estimates of volume, mass 
8nd activity have been made for the several types of material present and art 
presented in Table 7. The total would consist of an estimated 10.5 m3 of 
material with a mass of 25,000 kg and an activity of 30 PCi. 

The survey- data on surface contamination, external penetrating radiation, 

DOSE AND POTENTIAL RAZARD EVALUATION 

radioactivity on 8irborne particulstts, 8nd radioactivity in soil samples at 
the National Guard Armory may be evaluated in terms of the doses that poten- 
tially exposed persons could receive. The doses can then be compared to the 
appropriate standards and/or natural background rrdiation doses or used to 
estimate risks of health effects. 

The rppropriate radirtion protection standards for external and internal 
exposure of individuals 8nd population groups in uncontrolled areas are given 
in the Department of Energy’s publication “Requirements for Radiation Prottc- 
tion” (set Appendix 6) 8nd are expressed 8s the permissible dose or dose 
comraitmtnt annually (in mrem) beyond that received from background radiation 
8nd medical exposures. 
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Natural background radiation doses consist of an external penetrating 
dose from cosmic and terrestrial sources and an internal dose from the inhala- 
tion/ingestion of radioactivity from cosmogtnic and terrestrial sources. The 
average annual natural background doses for the U.S. population art 54 mrtm 
external and 28 mrtm internal to the whole-body (soft tissue), 54 mrtm 
external and 125 mrtm internal to the lung, 8nd 54 mrtm external and 117 mrem 
internal to the bone (ostcocytts) (Ref. 3). The total whole-body, lung, and 
bone doses art thus 82 mrtm, 179 mrtm, 8nd 171 mrem per year, respectively. 
Background radiation is discussed in more detail in Appendix 8. 

Estimates of radiological risks resulting from specific doses are usually 
based on risk factors as provided in reports by the International Commission 
on Radiological Protection (ICRP) (Ref. 4), National Research Council Advisory 
Cosnnitttt on the Biological Effects of Ionizing Radiation (BEIR) (Rtfs. 5, 6), 
or United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) (Ref. 7). By multiplying the estimated dose by the appropriate risk 
factor, one can obtain an estimate of the risk or probability of the occur- 
rence of health effects such as cancers and hereditary effects to an indi- 
vidual or his descendants as a result of that exposure. The evaluation of 
risk factors is presently subject to large uncertainties and continual rtvi- 
sion, and is the subject of considerable controversy. For these reasons, it 
will not be considered further. 

Potential doses resulting from exposure to the radioactivity remaining 
from HED/AEC use of the armory were calculated for a pathway or scenario that 
could result in the presumed maximum internal radiation dose from inhalation/ 
ingestion of radioactive material. Since no GH End-Window exposure readings 
at 1 m were greater than the instrument background, no external radiological 
hazard is envisioned from the contaminated items 8nd areas. Additionally, 
since the radioactivity on l irbomt particulatts 8nd the radioactivity in 
environmental soil samples indicated natural background only, no pathways art 
considered here for those two sources. Therefore, only surface contamination 
is considered. Details of the dose calculations art discussed in Appendix 7; 
results are summarized below. 

The presumed internal r8diation dose comaitmtnts from potential inhala- 
tion/ingestion of contamination possibly due to the ?fED/AEC occupancy were 

calculated to be 2.5 mrem to the lung, 0.51 mrem to the bone, 0.12 mrtm to the 
kidney, 8nd 0.031 mrem to the whole-body. These art SO-year dose commitments 
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and represent the total dose that would be accumulated in the body or specific 
critical organs over a SO-year period from inhalation/ingestion in the first 
year. Fifty-year dose coanitrcnts are always as large or larger than first- 
year annual doses ; hence, all comparisons to annual dose standards are of a 
conservative nature. For the lung, bone, and kidney, these doses represent 
additions of 1.4X, 0.3X, and 0.15% to the 1790arem, I’ll-mrem, and 82-•rem 
annual natural background lung, bone, and kidney doses, respectively, and 
0.2X, 0.03X, and 0.008% of the 1500-mrea standard for an individual in an 
uncontrolled area. For the whole body, the calculated dose represents an 
increase of 0.04% to the 82’arem annual natural background whole-body dose and 
0.006% of the SOO-mrem standard for an individual in an uncontrolled area. 

In order to reduce the potential for radiation exposure, remedial meas- 
ures such as stabilization of the contamination in place would be applicable 
as a short-term measure. To reduce the risk in the event that building 
modifications take place in the future, health physics procedures and coverage 
are recoraaended. The long-term solution would involve decontamination by 
removal of the radioactive residues from the 11 rooms or areas in the facility 
where contamination possibly resulting from HED/AEC activities was detected. 

II-97 

-.x-.‘ 
- - -  



16 

REFERENCES 

1. Bealy, J. V., J. C. Rogers, and C. L. Weir&e. 1979. "Interim Soil 
Limits for U&U Projects." LA-UR-79-1865-Rev. Los Alamos Scientific 
Laboratory. pg. 42. 

2. Ltderer, C. Ii., J. M. Hollander, and I. Perlaan (Eds.). 1967. "Table of 
Isotopes--6th Edition." 

3. National Council on Radiation Protection and Measurements. 1975. 
"Natural Background Radiation in the United States." NCRP Report No. 45. 

4. International Commission on Radiological Protection. 1977. "Recom- 
mendations of the International Commission on Radiological Protection." 
Annals of the ICRP, Vol. 1. No. 3, ICRP Publication 26, Pergamon Press, 
New York. 

5. National Research Council, Advisory Committee on the Biological Effects 
of Ionizing Radiation (BEIR). 1972. "The Effects on Populations of 
Exposures to Low-Levels of Ionizing Radiation." National Academy of 
Sciences. 

6. National Research Council, Committee on the Biological Effects of Ioniz- 
ing Radiation (BEIR). 1980. "The Effects on Populations of Exposure to 
Low Levels of Ionizing Radiation: 1980." National Academy of Sciences. 

7. United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) . "Sources and Effects of Ionizing Radiation, 1977 Report to 

the General Assembly." United Nations Publication E.77.IX.l. 

II-98 



.“.a. 

,- 

L _ I  

. ,l,. 

1 7  
F IG U R E  1  

S ITE  L O C A T IO N  O F  IL L IN O IS  N A T IO N A L  G U A R D  A R M O R Y  

W A S H I N G T O N  

P A R K  

A N  L-  H P  D W G . N O . 79 -5  

C H IG A N  

r  
II-9 9  

- _ _ _  I -- 
_ . -  I . _ -  

- _ . - -  



FIGURE 2A 
AIR SAMPLE AND ?LOOR SURVEY LOCATIONS IN ROOMS 1, IA, IB, IC, ID, IE, 1F and 6 
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FIGURE 9 
AIR SAMPLE AND SURVEY LOCATIONS IN ROOMS 110, 111, 112, 113, 114, 115, 116 and 117 
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FIGURE 10 

AIR SAMPLE AND SURVEY LOCATIONS IN ROOMS 118, 118A, 119, 120, 121, 122, 123 and 125 
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FIGURE 11 

SURVEY LOCATIONS IN ROOMS 136, 136A, 136B, 137, 139, 140, 141 and 240 
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FIGURE 12 

AIR SAMPLE AND SURVEY LOCATIONS IN ROOMS 142, 143, 144, 145, 146, 176, 178, 180 and 273 
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FIGURE 18 

E i i r i I a 

SURVEY LOCATIONS IN ROOMS 261, 262, 263, 265, 266, 267, 269, 270 and 271 

ANL-HP DWG. NO. 79-31 
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FIGURE 20 
AIR SAMPLE AND SURVEY LOCATIONS IN ROOMS 242, 293, 294, 285, 286, 295, 296, 297 287, 288, and 289, 298 290, 291, 292 

ANL-HP DWG. 4 NO. 79-32 
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FIGURE 21 

AIR SAMPLE AND SURVEY LOCATIONS IN ROOMS 301. 302. 302A a 303. 304 a 305, 
306, 307, 308, 310 and 311 

SOUTH END ANL-HP DWG.NO.n-27 
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FIGURE 23 

J4IR SAMPLE AND SURVEY LOCATIONS IN ROOM 401 - 
SOUTH END ANL-HP DWGNO. 79-28 
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DIAGRAM OF BALLOON SMEAR APPARATUS 

AN-HP DWG. NO. 79-3 
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FIGURE 31 

SOIL-SAMPLING PROCEDURE AND PROCESSING DIAGRAM 

ANL- HP-DWG. 78-2 
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Room or 
Arm No: 

i i ! # : 1 ! 

TABLE 1 
DATA EIHEET 01 ROOM SURVEYS 

* i i 

‘otooot of Am 
Aooord b). 
tot Sbw~.~ 

loo 

. 

Wdl 

95 

Alt 
Sample 

(WW 
0.0006, 

Dhct Roadinga’ End Wladow 
(dirhnin-100 cm*) bR/h) . 
8.h 

2.1x10’ 

2.0x104 

l.oxlO~ 

1.2x10’ 

3.4x10’ 

1.6~10’ 

2.0x10’ 

3.4x10” 

2.3~10’ 

3.4x102 

Alplm 

BKGDC 

BKCD 

BKGD 

3.7x102 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD‘ 

2.9x10” 

0.3 

2.0 

0.1 

BKCD 

BKGD 

3.0 

0.12 

NRK8 

1 Jlh0t.t 

BKCD BKCD 

BKGD BKGD 

BKGD BKGD 

BKGD BKCD 

BKCD BKGD 

BKGD BKGD 

BKCD 

BKGD 

BKGD 

BKGD 

8 =470= 
fby=1.3x10a 

BKGD 

(1 =43 
flu=1 10 

Imoar Roouh 
(dirhlr 
100 aa’1 Commont8 

Air fhplt 1 

Locrtioo 97, spot 
on coactttt floor 

Loc8tioa 98, spot 
on concrete floor 

Locrtioa 99, spot 
on concrete floor 

s 
Locrtioa 100, spot 
on concrete floor 

Locrtion 101, spot 
on concrete floor 

Loc8tion 102, spot 
on concrete floor 

Locrtion 103, spot 
on concrete floor 

Location 104, Spot on 
crrt iron uaholt 
cover of C8tch B88in 3 

Loc8tion 105, spot on 
concrete pillrr 

Locrtion 106, Spot on 
concrete ovcrhmd 



TABLE 1 

DATA SHEKT OF ROOM SURVEYS 

Room or 
Area No. 

1 
(cont’d) 

‘eroont of Area 
Aaoordblo 
for Surrey 

lloor Wdl 

Alr 
Sampfo 

(WL) 

Direct tbadingr’ 
(dirhnin- 100 cm’) 

2.0x10’ 

‘3.4x102 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKCD 

Alpha 

BKd 

2.3~10~ 

HAd 

NA 

IA 

NA 

UA 

WA 

NA 

NA 

End Window 
(mR/h) - 

BKGD 

NA 

NA 

WA 

13A 

NA 

WA 

NA 

NA 

BKCD 

BKdD 

NA 

NA 

NA 

NA 

lmmr RO8U)t 

(dir/mia- 
100 cm81 

BKCD 

u =15= 
fw31 

a =BKGD 
lb=20 

(I =BKGD 
W46 

a =BKGD 
BY=20 

a =BKGD 
#w20 

a =BKGD 
w27 

a =BKGD 
fw24 

a =18 
py=BKCD 

a =7 
$y=BKGD 

cl =20 
Byr63 

Comnontr 

Locrtion 107, Spot on 
concrete f loot 

Location 108, Spot on 
coacrttt OVtrht8d 

Locrtion 109, Spot on 
concrttt ovt rhe8d 

Locrtion 110, spot on g 
concrete overhead 

Locrtion 111, Spot on 
concrete overhe8d 

LOcrtion 112, spot on 
concrete overhead 

bC8tiOll 113, spot on 
concrete overhead 

Locrtion 114, Spot on 
concrete overhead 

hcrtion 115, Spot on 
concrete overhead 

Locrtion 116, Spot on 
concrete overhead 

Locrtion 117, spot on 
concrete overhead 



Room or 
Arm No. 

(coit’d) 

‘moon1 of Am 
Aooorrlbfa 
for Surrey 

W8or Wall 

. 

Air 
SampI 

(WI.) 

. 

TABLK 1 
DATA SHEET OF ROOM SURVEYS 

i i I i ; I I 

Dlroot BoadIngr” End Window 
(dir/mia- lc)o cm’) (mR/h) Q  
Beta Alpha meter 

6.7x10’ 5.8x10’ 0.1 BKCDC 

‘BKGD N Ad NA NA 

BKGB NA NA NA 

1.5x10’ 2.9x10’ BKGD BKGD 

3.1x10’ 6.9x& BKGD BKGD 

6.3~10’ 6.9x103 BKGD BKGD 

6.3x10’ 6.9x1@ 

1.5x105 

5.4x10’ 

1.7x105 

2.9x10’ BKGD 

BKGD 

5.8x10’ BKCD 

Imoar Rorult 
(dir/mln- 
100 cm9 

* 
Commont8 

a =1.7x103’ 
py=2.5x103 

Locrtion 121, spot on 
concrete overhead 

u =BKGB Locrtion 122, Spot on 
BY=15 concrete ovtrht8d 

u =BKGD 
w32 

Loc8tion 123, Spot on 
concrete ovcrhcrd 

u =500 
8~760 

Locrtioa 126, Spot on z 
concrete ovtrht8d 

u =I75 
@7=140 

u =170 
py=140 

u =33 
P7=59 

u -140 
By=250 

u =510 
By=920 

a =710 
fly=1 .2x103 

Locrtioa 127, Spot on. 
concrete ovtrhmd 

kW8tiOlI 128, spot on 
concrete ovtrhe8d 

Locrtion 129, Spot on 
concrete ovtrhe8d 
(verticrl bt8m) 

Locrtion 131, Spot on 
concrete overhesd 

Location 132, Spot on 
concrete overhead 

Location 133, Spot on 
coocrete overhead 
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Room or 
Arm No. 

1 
(co&d) 

1 
1 

?orooat of Aroc 
Aooorriblo 
for Surrey 

Floor Wbll 

Ah 
hasp10 

(WL) 

TABLE 1 
DATA SHEET OF ROOM SURVEYS 

Direct Roadilrga’ End Wtadow 
(dir/mia-loo cm*) (mR/h) 
Beta 

BKGD' 

9.3x103 

1.1x1q' 

3.4x102 

BKGD 

2.4x10" 

9.3x103 

1.3x104 

BKGD 

BKGD 

1.4x105' 

Alpha 

BKGD 

BKGD 

2.3~10~ 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

5.8~10' 

:OCbt8Ci 

NAd 

BKGD 

BKGD 

N A 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

0.5 

* 1 mater 

NA 

BKGIi 

BKGD 

NA 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

T : 
I 

Smear Re8ult 
(dir/mia- 
loo aI+) 

a =BKGD= Locrtion 145, Spot on 
PWO concrete overhead 

u =23 Loc8tioa 146, Spot on 
w41 concrete overhe8d 

u =25 Loc8tion 147, Spot on 
6Y=28 concrete overhead 

a =6 
fly=BKGD 

u =12 
W36 

Loc8tion 148, Spot oo 
concrete overhead iI 

LOC8tiOQ 149, spot on 
concrete ovathe8d 

a =28 Locrtion lS0, Spot on 
BY=57 concrete overherd 

u =38 Locrtion 151, spot on 
fWJ7 concrete ovcrherd 

Q =49 
BY=55 

Loc8tion 152, Spot on 
concrete overhead 
(in crrcb) 

a =BKGD Locstion 153, Spot on 
w17 concrete ovcrhe8d 

a =BKGD Loc8tion 154, Spot on 
w14 concrete overherd 

u =330 Loc8tioo 155, spot 00 
gy=405 concrete overhesd 

Commeat8 
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TABLE 1 

DATA SHEET OF ROOM SURVBYS 

Roar or 
Area No. 

139 , 

140 

141 

142 

143 

144 

145 

146 

146A 

‘eruent of Arm 
Aoaorrlbla 
for 8orr.y 

lloor Wall 

30 30 

65 50 

75 80 

45 

70 

80 

90 

75 

2 

10 0.007f BKGD NA 

80 It8 BEGD NA’ 

60 N8 2.3x106 BKGD 

85 NS BIND NA 

85 NS BKGD NA 

0 #S BKGD WA 

Air 
Samplo 

(WL) 

Mb 

NS 

Ns 

Direct R..ding.’ 
(dir/mia-100 cm’) 
Beta Alpha 

BKGD= NAd 

BKGD NA 

8.9~10” 9.3x10s 

BKGD WA 

3.4xlOS BKGD 

BKGD NA 

End Wtadon 
bR/h) 

NA 

NA. 

8 

NA 

NA 

WA 

5 

0.1 

NA 

NA 

NA 

WA 

. 1 motor 
I 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BICGD 

BKGD 

BKGD 

WA 

NA 

NA 

NA 

3mear Rorultf 
(dtr/mIn- 
100 cmtl 

BKGD 

BKGD 

NSTf 

BKGD 

BKGD 

BKGD 

NST 

RST 

BKGD 

BKGD 

BKGD 

BKGD 

Commonto 

Locrtioa 1178R Radio 
control kaobr , 
equated to tadiu 

Rtrt of rurvey 
uaa BKGD 

Air Sample 15 g 

Location 1171, Ltnrrtic 
coqasr dial , equated 
to rsdiu 

Locrtip 1180, Car 
uaatlt 

Rent of rurpty warn 
BKGD 

Snack Shop 

Old barber shop used 
ab storrKt aft8 
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TABLE 1 
DATA SHEET OF ROOW SURVEYS 

noom 02 
I Aror Ho. 

: 2nd Floor 
corridor, 
mouth ride 
(coat'd.) 

‘am*nt of Awe 
Acoorrlb!. 
for Burrow 

Floor Wdl 

Air 
SUpI 

(WL) 

Ditoct Rordiaga’ End Window 
(dirhnin-100 cm’) (mR/h) . 
Both 

BKGDC N&Id NA BKGD BKGD 

251 . 

: 260 i 8 
near Is811 

/ 

30 

50 

40 

75 

NSb BKGD WA NA NA BKGD 

0.0024 Air Sample 19 

1.7x10= BKGD 0.3 BKGD BKGD 

I 
i 
; l-l 
i H 
: I 
1 P 
i g 
f , 
I 

6.7x10’ BKGD 0.2 BKGD BKGD 

3.lxlOS RKGD 0.5 BKGD BKGD 

8KGD WA NA BKGD BKGD 

261 50 75 N!? BKGD 

262’ 50 75 NS BKGD 

263 50 75 NS BKGD 

266 70 95 .NS BKGD 

267 80 95 NS BKGD 

Alpha 

NA 

NA 

NA ‘. 

BKGD 

1 mot8r 

NA BKGD 

NA BKGD 

WA BKGD 

NA WA 

WA NA 

inmar Rorult 
tdirhin- 
100 cm’) 

BKGD 

NSTf 

NST 

BKGD 

Common to 

Rtrt of survey 
was BKGD 

Location 819, Spot on 
concrete floor 

Location 820, Spot on 
% 

concrete floor 

Location 821, Spot on 
concrete floor 

Rest of survey warn 
BKGD 

. 
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TABLE 1 
DATA SHEET OF ROOM SURVEYS 

Room or 
Area No. 

283 
(co&d) 

285 90 10 g.0011 

H 
t-4 
I 
2 285 

286 

28t/ 
288 

289. 

290 

291 

292 

293 

294 

‘etaont of Am 
Aaaorriblo 
fat surrey 

Float 

1.5x16' BKGD 

BKGD NA 

50 40 

60 45 

80 80 

Nsb 

N8 

NS 

BKGB 

BKGD 

BKGD 

NA 

NA 

NA 

20 10 NS BKGD NA 

75 80 NS BKGD NA 

60 90 Ns BKCD NA 

100 100 Ns BKGD NA 

80 50 NS BKGD NA 

70 70 NS BKGD NA 

Wall 

Ait 
Salnplo 

(WL) 

Direct Readinga’ End Window 
(dir/min-100 cm81 blR/b) . 

Alpha Beta 

2.2x103 

'BKGD 

BKGDC 

NAd 

BKGD 

NA 

BKGD 

NA 

WA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

BKGD 

BKGD 

BKGD 

BKGD 

NA 

NA 

NA 

NA 

NA 

NA 

WA 

NA 

NA 

hear Rerult 
(dir/min- 
100 cm*) 

BKGD 

BKGD 

RKGD 

8KGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

Comment0 

Location 848, Spot oa 
concrete floor 

Rest of survey was BKGD 

Air Sample 23 

Location 851, Spot oo 
concrete floor 

Rtrt of survty was 
BKGD 

g 
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Room or 
Aroa No: 

Catch 
Basii 3 

j Catch 
/ Bamfa 4 

CItch 
Barin 5 

CItch 
Barin 6 l-l l-4 I 

E ul 

1 

T 

1 i 

?*roont of Am 
Aooorriblo 
for sotroy 

Floor 

100 

100 

0 

100 

Wdl 

100 

100 

0 

100 

Air 
s~mplo 

(WU 
.NSb 

Ns 

IS 

11s 

TABLE 1 
DATA SHEET OF ROOM SURVEYS 

Dfiroct Rordingr’ 
(dir/min-100 cm*) 
Bata 

5.1x10” 

Alpha 

End Window 
(mR/b) 

NAd 

NA 

NA 

NA 

meter 

NA 

WA 

imear Rerult 
(dwmio- 
100 cm*) 

NSTf 

NST 

NST 

NST 

Commoatr 

Location 1201, Area 
oa brick catch basin 

Loceion 1199, Area 
on brick catch basin 

Staled ahut, in- 
accessible for 
survey 
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FOOTNOTES FOR TABLB 1 - 

‘The Beta node Direct Readings and Alpha tlodt Direct Readings are taken with 
PAC-4G-3 instruments (set Appendix 1). The beta mode detects both tlectro- 
magnetic and particulate radiation. If an area indicated an instrument 
reading higher than background, a beta-mode reading was obtained. The 
instrument was then switched to the alpha rode, and a reading of the alpha 
contamination was obtained. In the alpha rode the instrument only responds 
to particles with high-specific ionization, such as alpha particles. The 
beta-mode readings were compensated for any alpha contribution by subtracting 
the alpha-mode reading from the beta-mode reading. 

bNS = Not Selected. Locations of air samples were chosen on a selected basis 
throughout the area surveyed. “NS” indicates that the room or area was not 
selected for an air sample. 

CBKGD = Background. The following are the instrument background readings: 

Beta Uodt Alpha Mode 
Floor Monitor * 1500-2000 cts/min-325 cm* O-SO cts/min-325 cm* 
PAC-4G-3 150-200 cts/min-51 cm* O-SO cts/min-51 cm* 
PC-S Counter 40.021.4 cts/min* 0.220.1 cts/min* 
lo-Wire 443.024.7 cts/min* 5.2fO.S cts/min* 

GH End Window Detector read 0.03 to 0.05 mR/h at 1 ID above floor. 

%A = Nonapplicable. No contamination was detected above background in the 
beta mode; therefore, no alpha mode or contact CiH End Window survey was 
necessary. 

cq = Alpha 
By = Beta-Gamma 
(The beta-gamma readings are compensated for any alpha contamination by 
subtracting the alpha reading from the beta-gamma reading.) 

fNST = No Smear Taken. 

%RR = No Reading Recorded. 

hp rtoumably not a result of MED/AEC occupancy. 

Wnt otandard deviation due to counting statistics. 

11-156 
.._. “,-._-ll-CI ..- .,I”-- . ..__-. - ._- .._ ,-.,.. I_.-_.~._- 



75 

TABLE 2 

, . -  

. I  

. , .  

. . I  

. -  

.- 

RADON DETUU'fINATIONS 

Sample 
Number Location Figure dis/min-a3 pCi/t WL’ 

5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 

23 

24 

25 

26 

Room 1 
Room 1E 
Room 2 
Room 3 
(Arena) 
Room 3A 

Room 3B 
Room 3C 
Room 3D 
Room 3E 
Room 3F 
Room 5 
Room 5B 
Room 112 
Room 123 
Room 142 
Room 148 
Room 202 
Room 246 
Room 260 
Room 280 
Corridor 
South at 
Room 282 
Roar 283 
Room 284 

2nd Floor 
Corridor at 
Ro- 294 
Room 297 
Rooo 301 
North 

2 123 0.06 0.0006 
2 1972 0.89 0.0089 
3 717 0.32 0.0032 
4 648 0.20 0.0029 

5 4285 1.93 0.0193 
5 1973 0.89 0.0089 
5 1944 0.87 0.0087 
5 2112 0.95 0.0095 
5 2505 1.13 0.0113 
5 902 0.41 0.0041 
6 689 0.31 0.0031 
6 1091 0.49 0.0049 
9 1788 0.80 0.0080 

10 1029 0.46 0.0046 
12 1679 0.76 0.0076 

7 2031 0.91 0.0091 
13 1643 0.74 0.0074 
17 57 0.03 0.0003 
16 536 0.24 0.0024 
19 97 0.04 0.0004 
19 605 0.27 0.0027 

19 
19 
20 

20 

22 

170 0.08 0.0008 
245 0.11 0.0011 
127 0.06 0.0006 

245 0.11 0.0011 
2450 1.10 0.0110 

II-157 
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TABLE 2 
(cont’d) 

SJmpk 
Number LocJtioa Figure dio/rin-rs pCi/I! WL’ 

27 

28 

29 

30 

31 

32 

33 

34 

South 
Corridor 
by Room 
305 

21 2387 1.07 0.0107 

Room 310 
South 
Room 401 
South 
Northwest 
Lobby 
Northeast 
Lobby 
2nd Floor 
Foyer 
West side 
Service 
Floor 
Boiler 
Area 
Service 
Floor 
Large 
Area 

21 538 

23 2810 

7 1238 

8 2029 

15 2302 

24 1238 0.56 0.0056 

24 1462 0.66 0.0066 

0.24 0.0024 

1.26 0.0126 

0.56 0.0056 

0.91 0.0091 

1.04 0.0104 

Example Calculation: Air Sample 1, Room 1 

123 dis/rin = 1 pCi d x-x WL 

ma 
= 0.0006 WL 

2.22 dir/min 103 e 100 pCi/k 

‘A Working Level (WL) is defined JS any combination of short-lived 
radon-daughter products in 1 liter of air that will result in the 
ultimate emission of 1.3 x 10s IieV of potential Jlpha energy. The 
numerical value of the WL is derived from the JlphJ energy released 
by the total decry through RJC’ of the short-lived radon-daughter 
products, RJA, RaB, rnd RaC Jt rrdiorctive equilibrium with 100 pCi 
of ***Rn per liter of Jir. 
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TABLE 3 

SOIL SAHPLE W EIGHTS ’ 
(gr=s 1 

SJmple W et 
Number 

DrY Sieved 
W eight W eight W eight 

Rocks  
Jnd 

Dross 

3-S 1-A 648.5 503.6 
3-Sl-B 

406.2 92.4 
727.5 567.5 

3-Sl-c 
ss4.0 10.7 

721.8 S76.2 
3-Sl-D 

s50.5 25.0 
2623.1 2131.2 2009.6 115.5 

3-S2-A 568.5 432.3 
3-S2 -B 

362.8 68.6 
623.7 491.1 458.4 

3-S2-C 
22.9 

767.5 612.3 
3-S2-D 

590.2 15.3 
2446.6 2078.0 2018.3 56.5 

3-S3-A 516.4 400.1 
3-S3-B 

347.5 50.0 
- 532.5 390.0 

3-s3-c 
323.5 55.6 

578.0 438.6 
3-S3-D 

303.6 130.0 
2073.7 1745.3 1660.1 75.3 

3-S4-A 689.1 546.8 
3-S4-B 

532.1 2.6 
712.2 588.1 

3-s4-c 
554.1 30.0 

838.4 702.3 
3-S4-D 

650.6 42.8 
2362.2 2085.7 1890.3 192.7 

3-S5-A 631.8 434.0 
3-S5-B 

365.5 65.6 
712.3 548.8 519.1 

3-s5-c 
25.4 

980.8 759.5 
3-S5-D 

745.2 9.2 
1723.0 1341.3 1223.6 94.7 

3-S6-A 
3-S6-B 
3-S6-C 
3-S6-D 

566.9 398.8 295.9 99.3 
794.3 635.1 603.9 29.0 
907.1 772.7 719.6 

2556.5 
49.5 

2528.8 1849.5 372.7 
3+7-A 443.1 
3-S7-B 790.8 
3+7-c 1068.3 
3-57-D 1946.5 

264.7 47.8 
550.0 36.2 
878.5 33.0 

1554.7 126.0 
3+8-A 809.0 
3-SB-B 691.3 
3-S8-C 956.5 
3+8-D 2346.0 

317.1 
588.0 
913.5 

1685.9 
641.1 
474.0 
832.4 

1927.6 

618.3 17.0 
444.6 27.1 
s40.0 286.3 

1677.0 238.4 
3-S9-A 776.0 661.0 642.7 
3-S9-B 

14.0 
896.9 675.1 641.0 

3+9-c 
14.2 

769.0 670.7 623.7 
3-S9-D 

40.4 
1477.2 1159.0 1095.5 S6.1 

3-SlO  24.0 16.0 10.0 6.0 

-.__-_ 1^ “-,-- . . -. -. 
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TABLE 4 

GAHHA-RAY SPECTRAL AND URANIUH-FLUOROhETRIC ANALYSES 
OF SOIL SAHPLES 

SJmple 
Number 

h(Li) Spectra pCi/g received wt k u J,b 

13?CS 
232Th &CJy 

Uranium 
22eR~ DMJY = 

Chain Chain N/8 * 0 J,b pCi/a +, 0”’ 

3-Sl-A 
3-Sl-B 
3-Sl-c 
3-Sl-D 

3-S2-A 
3-S2-B 
3-S2-C 
3-S2-D 

3-S3-A 
3-S3-B 
3-s3-c 
3-S3-D 

3-S4-A 
3-S4-B 
3-s4-c 
3-S4-D 

3-S5-A 
3-S5-B 
3-s5-c 
3-SS-D 

3+6-A 
3-S6-B 
3+6-C 
3-Sb-D 

3+7-A 
3-S7-B 
3+7-c 
3-S7-D 

3-sa-A 
3-sa-B 
3-sa-c 
3-sa-D 

0.62 f 0.05 0.28 f 0.04 

0.71 j: 0.06 0.15 * 0.06 0.57 f 0.06 

3.57 k 0.18 0.50 * 0.13 0.64 2 0.10 

1.26 f 0.06 0.16 2 0.05 0.36 f 0.05 

1.54 t 0.08 0.35 2 0.13 0.56 2 0.11 

2.13 +, 0.11 0.48 + 0.11 

2.Sl f 0.13 

0.91 f 0.05 

0.39 f 0.09 

0.26 f 0.08 

0.68 2 0.09 

0.47 f 0.07 

0.30 f 0.07 

XI-160 
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5.1 +, 0.3 
3.4 f 0.2 
4.8 f 0.3 
1.5 * 0.2 

0.4 5 0.3 
0.5 f 0.2 
0.7 2 0.3 
CO.2 

co.3 
0.7 f 0.4 
1.6 2 0.4 
1.5 ?: 0.4 

0.6 2 0.3 
0.7 f 0.3 
0.4 2 0.2 
0.4 2 0.3 

1.6 2 0.3 
1.4 f 0.3 
1.1 f 0.3 
1.3 f 0.3 

1.4 * 0.3 
1.5 f 0.3 
0.5 2 0.2 
0.6 2 0.3 

1.6 f 0.3 
0.6 f 0.3 
0.4 i 0.3 
CO.3 

co.3 
0.4 f 0.3 
1.8 f 0.3 
0.9 f 0.3 

3.6 2 0.2 
2.4 2 0.1 
3.4 f 0.2 
1.0 + 0.1 

0.3 f 0.2 
0.3 f 0.1 
0.5 2 0.2 
co.1 

co.2 
0.5 2 0.3 
1.1 + 0.3 
1.0 + 0.3 

0.4 2 0.2 
0.5 +, 0.2 
0.3 2 0.1 
0.3 2 0.2 

1.1 + 0.2 
1.0 +, 0.2 
0.8 + 0.2 
0.9 2 0.2 

1.0 2 0.2 
1.0 f 0.2 
0.3 f 0.1 
0.4 2 0.2 

1:1 f 0.2 
0.4 f 0.2 
0.3 f 0.2 
co.2 

CO.2 
0.3 f 0.2 
1.3 i 0.2 
0.6 f 0.2 

_._ . . - . .  “ . I - - -  
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TABLE 4 
(cont’d) 

^-  

-  

.“ I  Ge(Li) Spectra pCi/g received wt f u 0 

Sample ns2Th Decay *26Ra Decay 
Uranium 

Number 12’CS Chain Chain pg/g 2 cJasb pCi/g * oasc 
3-S9-A 0.90 f 0.05 0.28 f 0.06 0.42 f 0.05 0.6 f 0.4 0.4 2 0.3 \ 
3-S9-B 0.7 f 0.3 0.5 + 0.2 
3-s9-c 0.7 f 0.3 0.5 2 0.2 
3-S9-D 1.7 2 0.3 1.2 2 0.2 

3-SIOd 3.3 f 1.1 321 121 l.5xlo’+lo% 1.1x10’f10% 
.- 

aOne standard deviation due to counting statistics. 

b All data results from LFE, except for 3-SlO from ANL. All data decay cor- 
rected to 3/30/78. 

‘ANL conversion from Appendix 5. 

d Sample 3-SlO consisted of sludge/dirt collected from Catch Basin 3 of the 
floor drainage system for Rooms 1 and 5. The gamma-ray spectral analysis 
indicated that the sample also contained 7.4 f 1.2 pCi/g 52Eu (decay cor- 
rtcted to 3/30/78). Mass spectral analysis indicated that the uranium 
present in the sample was normal uranium. 

11-161 
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TABLE 5 

BACKGROUND SOIL SAHPLK DATAa 
Radionuclides in Soil, 1978 

(Concentration in pCi/g) 

Date 
Collected Locations 

Uranium 
Cesiua-137 Thorium-232 (natural) 

June 23 
June 23 
June 23 
June 23 
June 23 
October 17 
October 17 
October 17 
October 17 
October 17 

June 16 
June 20 
June 20 
June 20 

June 23 

October 19 

October 19 

October 20 
October 20 
October 20 

October 20 

Argonne Areab 

Argonne Area 
Argonne Area 
Argonne Area 
Argonne Area 
Argonne Area 
Argonne Area 
Argonne Area 
Argonne Area 
Argonne Area 

Average 

Naperville, IL 
Channahon, IL 
tlorris, IL 
Starved Rock 
State Park, IL 
Willow Springs, 
IL 
McKinley Woods 
State Park, IL 
Dresden Lock 
and Dam, IL 
Romeoville, IL 
Lemont, IL 
WcGinnis 
Slough, IL 
SJganashkee 
Slough, IL 
Avenge 

0.8 f 0.2 
0.3 i 0.1 
1.3 f 0.3 
1.2 f 0.3 
1.2 f 0.3 
3.0 f 0.7 
1.3 2 0.4 
1.1 +, 0.3 
1.5 +, 0.4 
1.0 ,+ 0.3 
1.3 f 0.4 

1.2 2 0.3 
1.1 f 0.3 
1.2 f 0.3 
0.9 2 0.3 

0.9 i 0.3 

1.3 2 0.4 

1.6 f 0.5 

2.9 * 0.7 
0.8 & 0.3 
1.3 f 0.4 

1.1 i 0.3 

1.3 i 0.3 

0.26 f 0.02 
0.60 f 0.04 
0.40 f 0.03 
0.38 f 0.03 
0.38 f 0.3 
0.18 f 0.02 
0.36 f 0.04 
0.40 2 0.04 
0.48 +, 0.04 
0.40 2 0.02 
0.38 f 0.07 

0.53 ?: 0.03 
0.36 f 0.02 
0.27 2 0.03 
0.19 + 0.02 

0.31 2 0.03 

0.39 f 0.05 

0.42 f 0.04 
0.37 f 0.04 
0.37 f 0.04 

0.37 f 0.04 

0.36 f 0.06 

1.0 f 0.1 
2.2 2 0.2 
1.3 f 0.1 
1.5 2 0.1 
1.7 2 0.1 
1.2 2 0.1 
1.0 + 0.1 
1.2 + 0.3 
1.3 + 0.2 
1.5 2 0.2 
1.4 2 0.2 

1.6 2 0.2 
1.5 2 0.1 
1.2 f 0.1 
0.6 2 0.1 

1.4 A 0.1 

1.4 2 0.3 

1.3 +, 0.1 

2.2 f 0.3 
1.1 f 0.1 
1.6 f 0.1 

1.8 2 0.1 

1.4 f 0.2 

'These results are transcribed from "Environmental Monitoring at 
Argonne National Laboratory: Annual Report for 1978" (m-79-24) by 
N. W. Golchert, T. L. Duffy, and J. Sedlet. 

b All samples marked "Argonne Area” were collected at Argonne National 
Laboratory near Lemoot, IL, southwest of Chicago. 
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TABLE 6 

LOCATIONS WERE IfED/AEC RESIDUAL 
CONTAMINATION EXCEEDED ACCEPTABLE LIHITSa'b 

i i 8 I 

Estimated Area Maximum PAC Reading Contact GH bar Results 
RoOr Locr tion of Contamination (dis/min-100 cm2) Reading (dis/min-100 cm) 
Nlmbet Nmber t-J21 Bets-Gaaaaa Alpha W/b) Beta-Cau Alpha 

1 

99 
100 
101 
102 
103 
104 
105 
107 
121 
126 
127 
128 
X29 
131 
132 
133 
134 
135 
136 
137 
138 
139 
146 
147 
151 
152 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

2000d 
500d 
500d 
500d 
500d 
500d 
500d 
500d 
500d 
500d 
5ood 
500d 
500d 
500d 
500d 
500d 
500d 
5ood 

2.1x10' BKGDC 0.3 BKGD BKGD 
2.1x104 BKGD 2.0 BKGD BKGD 
1.0x10' BKGD 0.1 BKGD BKGD 
1.2x104 3.7x102 0.1 18 6 
3.4x104 BKGD 0.1 BKGD BKGD 
1.6x10' BKGD BKGD BKGD BKGD 
2.0x10' BKGD BKGD BKGD BKGD 
3.4x105 BKGD 3.0 1.3x103 470 QD 
2.3~10' BKGD 0.12 BKGD BKGD c-' 
2.0x104 BKGD 0.2 BKGD BKGD 
6.7x10' 5.8x104 0.1 2.5~10~ 1.7x103 
1.5x10' 2.9x10' BKGD 760 500 
3.1x104 6.9~10~ BKGD 140 175 
6.3x10' 6.9~10~ BKGD 140 170 
6.3x10' 6.9~10~ -- 59 33 * 
1.5x105 2.9x10' 0.2 250 140 
5.4x10' BKGD -a 920 510 
1.7x105 5.8~10' 0.5 1.2x103 710 
2.6x10' 1.2x10' BKGD 95 90 
1.6x10' BKGD BKGD 170 210 
2.3x10' 1.7x104 BKGD 140 92 
5.7x104 1.7x10' 0.1 170 84 
1.5x105 3.5x104 0.1 l.0x103 830 
1.4x105 5.8~10' 0.5 1.2x103 800 
9.3x103 BKGD BKGD 41 23 
1.1x10' 2.3~10~ BKGD 28 25 
9.3x103 BKGD BKGD 87 38 
1.3x104 BKGD BKGD 55 49 



TABLE 6 (continued) 

Room Location 
Number Number 

Estiaated Area Haximum PAC Reading 

of Contamination (dia/min-100 cm*) 

(cm*) Beta-Cama Alpha 

Contact Gtl Smear Results 

Reading (dis/nin-100 cm) 

M/h) Beta-Caaa Alpha 

1B 

5 

5B 

2nd Floor 
Corr . 

260 

280 

284 

Drainage 
Sye tem 
for Room 
1 and 5 
Floors 

153 500d 
156 500 

174 300 

497 300 

503 300 

1080 300 
1081 300 

819 10' 
820 10' 
821 10' 

842 300 

851 300 

1199 10’ 
1201 10’ 

1.4x105 
1.4x105 

2.5~10’ . 

1.2x104 

2.3~10’ 

1.5x10' 
3.2~10' 

1.7x105 
6.7x10’ 
3.1x105 

1.0x105 

1.5x10’ 

5.111103 
5.1x103 

5.8~10’ 0.5 405 
5.8~10’ 0.3 1.8~10~ 

BKGD 0.1 BKGD 

BKGD 0.07 14 

BKGD 0.1 BKGD 

BKGD BKGD BKGD 
5.8x10* BKGD BKGD 

BKGD 0.3 BKGD 
BKGD 0.2 BKGD 
BKGD 0.5 BKGD 

BKGD 0.1 BKCD 

BKGD BKGD BKGD 
em 

-- 
-- 
-- 

-- 
-- 

330 
1.4x103 

11 

BKGD 

BKGD 

BKGD 
BKGD 

BKGD 
BKGD 

BKGD 

BKGD 
-- 
-- 

‘Locationa are indicated in Table 1 and Figures 2-26. 
b The surface contamination limits for uranium as given in the ANSI Standard N13.12 and the average 

and maximum radiation levels at 1 cm as given in the NRC Guidelines were used as the standards 
for "acceptable levels" of contamination. 

‘BKCD = Background. 
d Estimated area of higher readings. Total area of contaminated overheads is estimated as 200 ID*. 
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ESTIMATED VOLUME, MASS, AND ACTIVITY OF HATERIAL 
THAT COULD BE GENERATED BY REHEDIAL ACTION’ 

Type of Estimated 
Raterial Volume (m3) 

Estimated 
Hass (kg) 

Estimated 
Activity (uCi) , 

Concreteb 
+2.35) 

Brick 
(W.2) 

Iron 
(p=7.8) 

1.0 x10’ 

1.1 x10-1 

8.7 x 1O-3 

2.4 x 10’ 

2.3 x lo* 

6.8 x 10’ 

2.9 x 10’ 

5.9 x lo-’ 

4.6 x lo-’ 

Total 1.05 x 10’ Ias 2.5 x 10’ kg 3.0 x 10’ j.ICi 

aSee text for assumptions upon which estimates are based. 
b The assumed density for the purpose of calculating mass of material. 
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APPENDIX 1 _ 

INSTBUHENTATION 

I. PORTABLE RADIATION SURVEY METERS 

A. Gas-Flow Proportional Survey Meters 

The Eberline PAC-4G-3 was the primary instrument used for surveying. 
This instrument is a gas-flow proportional alpha counter which utilizes a 
gas-proportional probe, 51 cm* (PAC-4G-3) or 325 cm* (I’!+4G) in area, with a 
thin double-aluminized Mylar window (-0.85 rg/cm*). 

Since this instrument has three high-voltage positions, it can be used to 
distinguish between alpha and beta-ganmra contamination. This instrument was 
initially used in the beta mode. In the beta mode, the detector responds to 
alpha and beta particles and x- and gannna-rays. When areas indicated a higher 
count rate than the average instrument background, the beta-mode reading was 
recorded, and the instrument was then switched to the alpha mode to determine 
any alpha contribution. In the alpha mode, the instrument only responds to 
particles with high specific ionization. This instrument is calibrated in the 
alpha mode with a flat-plate infinitely thin NBS traceable 23QPu standard, and 
in the beta mode with a flat-plate infinitely thin NBS traceable Q”Sr-QoY 
standard. The PAC-4G-3 instruments are calibrated to an apparent 50% detec- 
tion efficiency. 

B. Beta-Gamma End Window Survey tleter 

When an area of contamination is found with a PAC instrument, a reading 
is taken with an Eberline Beta-gamma Geiger-Mueller Counter Model E-530 with a 
HP-190 probe. This probe has a thin mica end window and is, therefore, sen- 
sitive to alpha and beta particles and x- and gamma-rays. A thin piece of 
aluminum is added to the mica, thus making the window density -7 mg/cm*. At 
this density, .the instrument is not sensitive to alpha particles. A maximum 
reading is obtained with the probe placed in contact with the area of con- 
tamination. In this position, the response (in mB/h) to gamma radiation is 
generally conservative relative to a determination of mrad/h at 1 cm; however, 
the response (in mR/h) to beta radiation is nonconservative by a factor of up 
to about four relative to a determination of mrad/h through 7 mg/cm*. Another 
reading is obtained with the probe held 1 m from the contaminated area. This 
instrument is calibrated in mR/h with a 226Ra standard source. 

. 
C. Low-Energy Carmar Scintillation Survey Meter 

An Eberline Pulse Rate Heter node1 PRH-5-3 with a PC-2 Low Energy Gamma 
Scintillation Detector was used to detect low-energy x and gamma radiation. 
The detector consists of a thin scintillation crystal, 5.1 cm in dizmeter by 
2 na thick NaI(T1) with a 0.025-mm-thick aluminum window. 
instrument is calibrated with NBS traceable *aQPu, **lAm, and 

II-166 
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(cont’d) 

D. High-Energy ?ficro “R” Scintillation Survey Heter 

.- An Eberline Wicro-R meter, Wodel PRR-7, was used to detect high-energy 
gamma radiation. This instrument contains an internally mounted 2.5-cm diam- 
eter by 2.5-cm-long NaI(T1) scintillation crystal and can be used for counting 
fields of low-level radiation from 10 to 5000 vR/h. This instrument is cali- 
brated with an RBS traceable 13’Cs source. 

, 

II. SMEAR-COUNTING INSTRlJtfEXTATION 

The IO-Wire instrument consists of a gas-flow proportional probe (ANL 
design) which uses an Eberline Mini Scaler tlodel MS-P. The double-aluminized 
Mylar probe (400 cm*) uses P-10 (90% argon and 10% methane) as the counting 
gas. This system consists of two Mini Scalers and two probes. One is used for 
counting in the alpha mode; the other is used in the beta mode. The metal 
smear holder has been machined so that it can hold ten smears. The probe is 
placed over the smears and a count is taken. 

All smears of contaminated areas are counted in a Nuclear Heasurements 
Corporation PC-S Gas-Flow Proportional Counter (PC counter) using a double- 
aluminized Hylar spun top. The Mylar spun top is placed over nonconducting 
media such as paper to negate the dielectric effect. This counter also uses 
P-10 counting gas. Smears are counted in both the alpha and beta modes of the 
detector. These instruments are calibrated using 23QPu and 9oSr-QoY NBS 
traceable sources. 

. - I  Ill. AIR-SAMPLING DEVICE 

The air samples were collected with a coaasercial vacuum cleaner modified 
at ANL. The air was drawn at a flow rate of 40 m3/h. The .collection medium 
consisted of a 200 cm* sheet of Hollingsworth-Vase (RV-70-0.23 ava) filter 
paper. The collection efficiency at this flow rate for 0.3-micron particles 
is about 99.9%. 

IV. GAHUA-SPECTRAL INSTRURENTATION 

u- 

A Nuclear Data Multichannel Analyzer Model ND-100 with a 7.6 cm diameter 
by 7.6 cm long NaI(Ta) crystal, was used to determine the gamma spectrum. 
This instrument was calibrated with NBS traceable sources. Samples of contam- 
inated areas were counted vith the analyzer, and the radionuclides of contam- 
ination were determined. 

. ..I 

.” 

V. INSTRU?fERTATION USED IN SURVEY 

Inventory 
Number 

Eberline Floor tlonitor 181501 
F’WOG using a PAC-4G-3 

Probe Area 

325 cm* 

Window 
Thickness, 

ag/cm* 

-0.85 

II-167 
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Ebcrline Floor Monitor 
FM-4G using a PAC-4G-3 

PAC-4G-3 

PAC-4G-3 

PAC-4G-3 

PAC-4G-3 
PAC-4G-3 
PAC-4G-3 
Eberline 530 with HP--l90 
Beta-Canma End Window Probe 
Eberline Pulse Rate Heter node1 
PRH-5-3 with a node1 PG-2 Low- 
Energy Gamma Detector 
Eberline Micro-R meter 
Model PM-7 
Nuclear Measurements Corp. 
PC-5 2n Internal-Gas-Flow 
Counter 
Argonne National Laboratory 
IO-Wire Flat-Plate Gas-Flow 
Proportional Detector 
Eberline Mini Scaler M-2 

Argonne National Laboratory 
Filter Queen Air Sampler using 
BV-70 filter media 
Nuclear Data ?lultichannel 
Analyzer Wodel ND-100 with 
7.4 cam dia x 7.6 cm NaI(TI1) 
crystal 
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(cont’d) 

Inventory 
Number 

183413 

183414 

183415 

183416 

184339 

184340 

18434 1 
184576 

184344 

188537 

184065 

184342 
sr 

184343 

184764 

VI. AVERAGE INSTRUMENT BACKGROUND READINGS 

Instrument 

Eberline Floor Monitor FI+4G 
using PAC-4G-3 

181501 
183413 

Alpha 
Mode 

(ctr/min) 

O-50 
O-50 

Probe Area 
325 cm* 

51 cm* 

51 cm* 

51 cm* 

51 cm* 
51 cm* 
51 cm* 

Scmx2xr1 
NaI (Te) 

2.5 cm x 2.5 cm 
NaI (Tl) 

400 cm* 

Window 
Thickness 

mg/ cln* 
-0.85 

-0.85 
4.85 
-0.85 

-0.85 
-0.85 
-0.85 
-7 

-7 

-0.85 

-0.85 

Beta Mode 1 I! above 
(cts/min) floor 

1500-2000 
1500-2000 
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(cont’d) 
.I 

.- 

.- Instrument 

Eberline PAC-4G-3 
“... 183414 O-50 150-200 

183415 O-50 150-200 
183416 O-50 150-200 
184339 O-50 150-200 
184340 O-50 150-200 
184341 O-50 150-200 

Eberline 530 With HP-190 
Beta-Gamma End Window Probe 

Eberline Pulse Rate Heter 
node1 PRM-5-3 with a Model PC-2 
Low Energy Gamma Detector 

Eberline Micro R Heter Model 
PRH-7 

Alpha 
node 

(cts/min) 
Beta Mode 1 e above 
(ctsfain) floor 

0.03-0.05 tnR/h 

500 cts/min 

5-7 uR/h 

Nuclear Data Nultichannel 
Analyzer Rode1 100 

Nuclear Measurements Corpora- 
tion PC-5 211 Internal Gas-Flow 
Counter 

0.220. lb 40.0f1.4b 

Argonne National Laboratory 
lo-Wire Flat-Plate Gas-Flow 

5.220.5 443.024.7 

.,- Proportional Detector with 
Ebcrline Mini S.caler M-2 

‘Background readings were initially taken in the mobile laboratory and 
rechecked throughout the various areas while surveying. 

b One standard deviation due to counting statistics. 
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CONVFXSION FACTORS 

1. INSTRDHENTATION 

The conversion factors used to convert the instrument readings into units 
of disintegrations per minute per 100 cm* (dis/rin-100 cm*) and the derivation 
of those factors are given below. 

A. Conversion Factors 

PAC-4G-3 
Floor Monitor 

(F?l-4G) 

To 100 cm2 
cts/min to dis/min 
*sop, 
cts/min to dis/min 
sosr-soy 

cts/min to dis/min 
for normal uranium 
cts/min to dis/min 
226Ra plus daughters 

Alpha 
1.96 

Beta 
1.96 

Alpha Beta 
0.31 0.31 

2 2 

2 2 

5.9 3.5 5.9 3.5 

1.6 4.7 ‘- 

B. Derivation of Conversion Factors 

l Floor tionitor (M-4G) 

Window Aria: -325 cm2 
Conversion to 100 cm2 = 0.31 times Floor Monitor readings 

l PAC-4G-3 

Window Area : -51 cm* 
Conversion to 100 cm* = 1.96 times.PAC reading 

l 2n Internal Gas Flow Counter, PC-5 

Geometry: Solid Steel Spun Top - 0.50 

Geometry: Mylar Spun Top - 0.43 
tiyl8r spun top counting [double-aluminized Hylar 
window (-0.85 mg/cm*)] utilizes the well of the PC-5 
and is a method developed and used by the Argonne 
Rational Laboratory Health Physics Section for negat- 
ing the dielectric effect in counting samples on 
nonconducting media. 

II-170 
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(cant ’ d) 

With a 3.2 x 3.2 x 0.3 cm normal uranium plate as a source of uranium- 
alpha emissions, the plate was counted in the well of a 2n Internal-Gas-Flow 
Counter (PC Counter) with the source leveled to an apparent 2n geometry. The 
alpha reading was found to be 4.7 x 10' cts/min, or 4.7 x 10’ f 0.50 = 
9.4 x 10’ dis/min with the PC Counter. 

.._ 

,, 

,..-. 

The same uranium source, when counted in the alpha mode of the PAC 
instrument, was found to be 1.6 x 10’ cts/min at contact. The conversion 
factor for cts/min to dis/min for the PAC instrument is 9.4 x 10’ 5 1.6 x 
10’ = 5.9 dis/min alpha to cts/min alpha. 

The same normal uranium source covered with two layers of conducting 
Paper, each 6.65 mg/cm2 to absorb the alpha emissions, was counted for com- 
posite beta and gamma emissions in the PC counter; however, no provision was 
made for backscatter. The composite beta- 

% 
aroma 

10' cts/min or 5.2 x lo5 i 0.50 = 
count was found to be 5.2 x 

1.04 x 10 dis/min beta-gamma. 

__-.* 

The covered normal uranium source, when centered on the probe and counted 
in the beta mode with the PAC instrument, gave 3.0 x lo5 cts/min. The conve r- 
sion factor for cts/min to dis/min is 1.04 x lo6 + 3.0 x lo5 = 3.5 dis/min 
beta-gamma to cts/min beta gassna. 

-- A similar method was used to determine the conversion factors for 22sRa 
plus daughters. 

II. SHEAR COUNT 

The conversion factors for cts/min-100 cm* to dis/min-100 cm* for smears 
are given below. 

A. Conversion Equation (Alpha) 

cts/min - (Bk d) 
8 . bf . ra .gwaf = dishin a 

A geometry (g) of 0.43 is standard for all flat-plate counting using 
the Mylar spun top. 

A backscatter factor (bf) of 1.0 is used when determining alpha 
activity on a filter media. 

The self-absorption factor (sa) was assumed to be 1, unless other- 
wise determined. 

If the energies of the isotope were known, the appropriate window 
air factor (waf) was used; if the energies of the isotopes were 
unknown, the (waf) of *SsPu (0.713) was used. 

The (waf) for no-al-uranium alphas is 0.54. 

The (waf) for alphas from O*sRa plus daughters is 0.55. 
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(cont’d) 

B. Conversion Equation (Beta) 

cts/min - [Beta Bkgd (cts/min) + u cts/ainl - - waf = dis/min 8 
8 l bf l @a l 

A geometry (g) of 0.43 is 
the Mylar spun top. 

standard for all flat-plate counting using 

A backscatter factor (bf) 
vity on a filter media. 

A self-absorption factor 
determined. 

of 1.1 is used when determining beta acti- 

(sa) was assumed to be 1, unless otherwise 

If the energies of the isotopes were known, the appropriate window 
air factor (waf) was used; 
known, the (waf) of s”Sr-90Y 

if the energies of the isotopes were un- 
(0.85) was used. 

The (waf) for normal-uranium betas is 0.85. 

The (war) for betas from 226Ra plus daughters is 0.85. 
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RADON-DETERMINATION CALCULATIONS 

A.- 

A. 

B. 

.  

I .-.  

C. 

.._. D. 

E. 

F. 

G. 

H. 

1. 
.- 

J. 

I(. 

*- 

The air-sampling calculations for samples collected with an Argonne 
National Laboratory-designed air sampler with IN-70 filter media are sum- 
marized in this appendix. The appendix includes the basic assumptions and 
calculations used to derive the air concentrations. 

I. RADON CONCENTRATIONS BASED ON RaC’ RESULTS 

The following postulates are assumed in deriving the radon-222 (222Rn) 
concentrations as based on the RaC’ alpha count results: 

RaA, RaB, RaC, and RaC’ are in equilibrium. 

RaA is present only in the first count and not the loo-minute decay 
count. 

One-half of the radon progeny is not adhered to airborne particu- 
lates and therefore is not collected on the filter media. 

The geometry factor (g) is 0.43 for both the alpha and beta activ- 
ity. 

The backscatter factor (bf) of 1 .O is used for the alpha activity, 
which is determined from RaC’. 

The sample absorption factor (sa) for RaC’ is 0.77. 

The window air factor (waf) for RaC’ is 0.8. 

RaB and RaC, being beta emitters, are not counted in the alpha mode. 

The half-life of the radon progeny is approximately 36 minutes, 
based on the combined RaB and RaC half-lives. 

No long-lived alpha emitters are present, as evidenced by the final 
count. 

For all practical purposes, RaC’ decays at the rate of the composite 
of RaB and RaC, which is about 36 minutes. 

II. EQUATIONS USED TO DERIVE AIR COlKXNTRATIONS 

The activity present at the end of the sampling period is determined by 
the equation: 
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(cont'd) 

Where: A0 = Activity (dis/ain) present at the end of the sampling 
period (usually 40 ha) 

A = Activity (dis/min) at some time, t, after end of sampling 
period 

t = Time interval (min) from end of sampling period to count- 
ing interval (usually w 100 ain) 

A 0.693 = 
tP 

% = Half-life of isotope (shin) 

Concentration (C) is determined by the equation: 

Where: C = Concentration (dis/min-m3) 

A0 = 

f = Sampling rate (m3/min = m3/h x lh/60 min) 

ts = 

A = 

t# = 

Activity on filter media 
(dis/min) 

at end of sampling period 

Length of sampling time (min) 
0.693 

t# 
Half-life of isotope or controlling parent (min). 

III. EXAKPLE CALCUIATION 

Data obtained from air sample 4, collected in Room 3, have been used to 
illustrate the application of the equations for determining activity and con- 
centration. 

A0 = 876 
-0.693 l 100 

= 6004 dis/min 
l xp 36 

0.693 

C = 6004 l 36 l 40/60 l l- txp d.693 40 
36 

= 324 dis/min-m3. 
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(cont’d) 

Since we assume that half of the radon progeny is  not adhered to the 
airborne particu lates , the above concentration i6 multiplied by a fac tor of 
two to determine the actual concentration: 

C actual = C measured x  progeny correct ion fac tor 

= 324 dis /min-m3 x  2 = 648 dis /min-m3 

The resultant concentration is  thus 648 dis /min-m3. 

.--1 “, “= I__ II.-...--- 
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SOIL-ANALYSIS PROCEDURE FOR TOTAL IJRANIUD 
AND GAMMA-EMITTING NUCLIDES* 

A 600milliliter volume of the received soil was counted in a petri dish 
for 500 minutes on a Ge(Li) detector over the energy range O-l .5 HeV. This 
corresponded to 60-100 g of soil, depending upon bulk soil density. Positive 
photopeaks above instrument background were converted to dis/min using a line 
efficiency curve based upon a National Bureau of Standards Multi-Gauuna stan- 
dard. The natural thorium-232 (*a*Th) and radium-226 (22sRa) decay chains 
were calculated using the 0.910 HeV actinium-228 (228Ac) and 0.609 BeV 
bismuth-214 (*l’Bi) photopeaks, respectively. 
sample as a representative gamma emitter. 

Cesium-137 is reported for each 

all soil samples, as expected, 
Potassium-40 (40K) was observed on 

but was not calculated or reported. 

total 
One gram of the soil sample was ashed and dissolved in HF-RN03 for the 

uranium analysis. A 100-A aliquot of the dissolved sample was fused 
with 98% NaF-2% LiF and the fluorescence determined using a Jarrell-Ash fluor- 
ometer. A quenching 
internal spike. 

factor was determined for each sample by using an 

+The procedures used by LPE Environmental Analysis Laboratories to analyze the 
soil samples collected near the National Guard Armory. 
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CALCULATION OF NORMAL-URANIUn SPECIFIC ACTIVITY 

Radioactive half-lives of p34LJ, 4asU, and *a8U, as well as the percent 
abundance for each isotope, were obtained as current best values from the 
“Table of Isotopes”--6th Edition by C.H. Lederer, J.H. 
I. Perlman, 1967. The values used are: 

Hollander, and 

Isotope 
234~ 
235~ 
238~ 

Half-life (years) 
2.47 x lo5 
7.1 x 108 
4.51 x 109 

% Abundance 
0.0057 
0.7196 

99.2760 
100.0013 

which 
Note that the abundance totals 100.0013%. Since it cannot be determined 

isotope(s) are in error, 
error unaccounted for. 

the calculations are made with the 0.0013% 

Specific activity, 
equation: 

or activity per unit mass, is determined by the 

SPA =AN 

where : SpA = Specific Activity 

A = Pn2/ti 

N = Number of radioactive atoms per unit mass 

= Avogadro's Number 
gram atomic weight 

Avogadro’s Number = 6.025 x 1O23 

t# 
= Half-life in years (a) 

Therefore: 

SpA = (M)N/t+ 

= 0.693 x 6.025 x 1O23 

t 
# 

(a) x 5.256 x 10b .+ x gram atomic = dis/min-gram. 
weight 

For 234U, the specific activity would be: 

II-177 
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SpA 234U = 0.693 x 6.025 x 1023- 
2.47 x 10' x 5.256 x lo5 x 2.34 x lo* 

= 1.374 x 10" dis/min-gram 

= 1.374x 10' dis/rin-vg x 5.70 x 10." 

= 0.783 dis/min-pg of normal uranium. 

For 235U, the specific activity would be: 

SpA 235U = 0.693 x 6.025 x 1O23 
7.1 x lo8 x 5.256 x lo5 x 2.35 x lo* 

= 4.76 x lo6 dis/min-gram 

= 4.76 dis/min-ug x 7.196 x 1O-3 

= 0.034 dis/min-pg of normal uranium. 

For 238U, the specific activity would be: 

SpA 238U = 0.693 x 6.025 x 1O23 
4.51 x 10' x 5.256 x lo5 x 2.38 x lo* 

= 7.4 x 10' dis/min-gram 

= 0.74 dis/min-ug x 9.9276 x 10-r 

= 0.735 dis/min-pg of normal uranium. 

Therefore, the activity of 1 pg of normal uranium is 

0.783 dis/min *'*U + 0.034 dis/min 2ssU + 0.735 dis/min 238U 

= 1.552 dir/Pain-pg. 

Conversion of pg/g to pCi/g 

= 1.552 dis/min-vg 
2.22 dis/min-pCi 

= 0.6991 pCi/pg no-1 uranium 

Example Calculation: 3-Sl-A 

5.1 2 0.3 pg/gram x 0.6991 pCi/pg = 3.6 f: 0.2 pCi/gram. 
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PERTINENT RADIOLOGICAL REGULATIONS 
STANDARDS, AND GUIDELINES 

Excerpts From 

DRAFT AMERICAN NATIONAL STANDARD 

N13.12 

Control of Radioactive Surface Contamination 

On ?laterials, Equipment, and Facilities to be 

Released for Uncontrolled Use 

Where potentially contaminated surfaces are not accessible for measure- 
ment (as in some pipes, drains, and ductwork), such property shall not be 
released pursuant to this standard, 
case evaluation. 

but shall be made the subject of case-by- 

Property shall not be released for uncontrolled use unless measurements 
show the total and removable contamination levels to be no greater than the 
values in Table 1 or Table 2. (The values in Table 2 are easier to apply when 
the contaminants cannot be individually identified.) 

Coatings used to cover the contamination shall not be considered a solu- 
tion to the contamination problem. 
be sufficient to determine, 

That is, the monitoring techniques shall 
and such determination shall be made, that the 

total amount of contamination present on and under any coating does not exceed 
the Table 1 or Table 2 values before release. 
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TABLE 1 

SURFACE CONTAHINATION LItfITS* 

Contaminants 
Limit (Activity) 
(dis/rin-100 cm*)+ 

Group Description 
Nuclidee 
(Note 1) Removable 

Total 
(Fixed plus 
Removable) 

1 Nuclides for which the non- 
occupatiooal HPC (Note 2) 
is 2 x 10 l3 Ci/g3 or less 
or for which the nonoccupa- 
tional HPC (Note 4) is 

20 Nondetectable 
(Note 3) 

2 x lo-’ S/a3 or less 
125~ 1291 

237Np 
231Pa 
216pb 
238~239r246~242r244pU 
226~228b 
228’28tiTh 

2 Those auclides not in Group 
1 for which the nonoccupa- 
tional_HPC (Note 2) is 
1 x 10 l2 Ei/n3 or less or 

254E8 
25sFm 
126d31t1331 

***PO 

200 2000 (1 

for which the nonoccupa- 
tional_tlPC (Note 4) is 
1 x 10 6 G/m3 or less 

Those nuclides not in Group 
1 or Group 2 

Nondetectable 
BIY 
(Note 5) 

1000 5000 
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SURPACE CONTAWNATION LI?fITS* 

“- 

,- 

.r_,. 

-he levels may be averaged over one square meter provided the maximum activ- 
ity in any area of 100 cm* is less than three times the limit value. For 
purposes of rveraging with regard to isolated spots of activity, any square 
meter of surface shall be considered to be contaminated above the limit L, 
applicable to 100 cm*, if (1) from measurements of a representative number n 
of sections it is determined that l/n 1 S. b I,, where S. is the dis/min-100 
cm* determined from measurement of se&oh i; or (2) itiis determined that 
the activity of all isolated spots or particles in any area less than 100 cm* 
exceeds 3 L. 

+ Disintegrations per minute per square decimeter. 

NOTES : 

(1) Values presented here sre obtained from the Code of Federal Regulations, 
Title 10, Part 20, April 30, 1975. The most limiting ,of all given WC 
values (for example, soluble versus insoluble) are to be used. In the 
event of the occurrence of mixtures of radionuclides, the fraction con- 
tributed by each constituent of its own limit shall be determined and the 
sum of the fraction shall be less than 1. 

(2) Maximum permissible concentration in air applicable to continuous expo- 
sure of members of the public as published by or derived from an authori- 
tative source such as the National Committee on Radiation Protection and 
Measurements (NCRP), the International Commission on Radiological Protec- 
tion (ICRP), or the Nuclear Regulatory Coawission (NRC). From the Code 
of Federal Regulations, Title 10, Part 20, Appendix B, Table 2, Column 1. 

(3) The instrument utilized for this measurement shall be calibrated to 
measure at least 100 pCi of any Group 1 contaminants uniformly spread 
over 100 cm*. 

(4) Maximum permissible concentration in water applicable to members of the 
public. 

(5) The instrument utilized for this measurement shall be calibrated to 
measure at least 1 nCi of any Group 2 beta or gamma contaminants u&- 
formly spread over an area equivalent to the sensitive area of the 
detector. Direct surpey for unconditional release should be performed in 
areas where the background is 5 100 counts per minute. When the survey 
must be performed in a background exceeding 100 counts per minute, it may 
be necessary to use the indirect survey method to provide the additional 
sensitivity required. 
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ALTERNATE SURFACE CONTAHINATION LIHITS 

(All Alpha Emitters, except Unat and Thnat, Considered as a Group)* 

Limit (Activity) + 
(dis/min-100 cm*) 

Total 

Contamin8tion Contingencies 

If the contaminant cannot be identi- 
fied; or if alpha emitters other 
than U (Note 1) and Th 
presenettor if the beta 

are 
ek!f t ters 

comprise 227A~ or 228Ra. 

Removable 

20 

(Fixed Plus 
Removable) 

Nondetectable 
(Note 2) 

If it is known that all alpha emit- 
ters are generated from U 
(Note 1) and Th ; and ifaketa 
emitters are p&&t that, 
while not identified, do not 
include 227A~, lz51, **sRa, and 
228Ra. 

If it is known that alpha emitters 
are generated only from U 
(Note 1) and Th in equff!- 
brium with its %$y products; 
and if the beta emitters, while 
not identified do not include 
227~=, 1251, li91 90~~ 223~,, 
228Rg, 1261, 1311'and 1831. 

200 

1000 

2000 u 
Nondetectable 
B,Y 
(Note 3) 

5000 

II-182 



101 
APPENDIX 6 

(cont'd) 

ALTERNATE SURFACE CONTAJ’UNATION LI!iITS 

-.,. 

_ 

YThe levels may be averaged over one square meter provided the maximum activ- 
. ity in any are8 of 100 cm* is less than three times the limit value. For 
purposes of averaging with regard to isolated spots of activity, any square 
meter of surface shall be considered to be contaminated above the limit L, 
applicable to 100 cm*, if (1) from measurements of a representative number n 
of sections it is determined that l/n I S. L L, vhere S. is the dis/min-100 
cm* determined from measurement of set ion’ i; e or (2) it’ is determined that 
the activity of all isolated spots or particles in any area less than 100 cm* 
exceeds 3 L. 

+ Disintegrations per minute per square decimeter. 

NOTES : 

(‘I ‘nat and decay products. 
. 

(2) The instrument utilized for this measurement shall be calibrated to 
measure at least 100 pCi of any Group 1 contaminants uniformly spread 
over 100 cm*. 

(3) The instrument utilized for this measurement shall be calibrated to 
measure at least 1 nCi of any Group 2 beta or gamma contaminants uni- 
formly spread over an area equivalent to the sensitive area of the 
detector. Direct survey of unconditional release should be performed in 
areas where the background is S 100 counts per minute. When the survey 
must be performed in a background exceeding 100 counts per minute, it may 
be necessary to use the indirect survey method to prwide the additional 
sensitivity required. 

I. 

/l.l^. 

,-) 
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IX. GUIDELIRES FOR DECONTAHINATION OF FACILITIES AND 
EQUIPHENT PRIOR TO RELEASE FOR UNRESTRICTED 
USE OR TERMINATION OF LICENSES FOR BY-PRODUCT 

SOURCE, OR SPECIAL NUCLEAR HATEIAL 

(These have been retyped for 
purposes of this report.) 

The instructions in this guide, in conjunction with Table 1, specify the 
radioactivity and radiation exposure rate limits which should be used in 
accomplishing the decontamination and survey of surfaces or premises and 
equipment prior to abandonment or release for unrestricted use. The limits in 
Table 1 do not apply to premises, equipment, or scrap containing induced 
radioactivity for which the radiological considerations pertinent to their use 
may be different. The release of such facilities or items from regulatory 
control will be considered on a case-by-case basis. 

1. The licensee shall make a reasonable effort to eliminate residual contam- 
ination. 

Radioactivity on equipment or surfaces shall not be covered by paint, 
plating, or other covering material unless contamination levels, as 
determined by a survey and documented, are below the limits specified in 
Table 1 prior to applying the covering. A reasonable effort must be made 
to minimize the contamination prior to use of any covering. 

The radioactivity on the interior surfaces of pipes, drain lines, or duct 
work shall be determined by making measurements at all t-raps, and other 
appropriate access points, provided that contamination at these locations 
is likely to be representative of contamination on the interior of the 
pipes, drain lines, or duct work. Surfaces of premises, equipment, or 
scrap which are likely to be contaminated but are of such size, construc- 
tion, or location as to make the surface inaccessible for purposes of 
measurement shall be presumed to be contaminated in excess of the limits. 

Upon request , the Commission may authorize a licensee to relinquish 
possession or control of premises, equipment, or scrap having surfaces 
contaminated with materials in excess of the limits specified. This may 
include, but would not be limited to, special circumstances such as 
razing of buildings, transfer of premises to another organization contin- 
uing work with radioactive msterials, or conversion of facilities to a 
long-term storage or standby status. Such request must: 

a. Provide detailed, specific information describing the premises, 
equipment or scrrp, radiosctive ConUminants, and the nature, 
extent, and degree of residual surface contamination. 
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5. 

- 

-, 

b. Provide a detailed health and safety analysis which reflects that 
the residurl amounts of materials on surface areas, together with 
other considerations such as prospective use of the premises, equip- 
ment or scrap, are unlikely to result in an unreasonable risk to the 
heslth and safety of the public. 

Prior to release of premises for unrestricted use, the licensee shall 
make a comprehensive radiation survey which establishes that contamina- 
tion is within the limits specified in Table 1. A copy of the survey 
report 
Safety, 

shall be filed with the Division of Fuel Cycle and tfaterial 
USRRC, Washington, D.C. 20555, and also the Director of the 

Regional Office of the Office of Inspection and Enforcement, USNRC, 
having jurisdiction. The report should be filed at least 30 days prior 
to the plrnned date of abandonment. The survey report shall: 

8. Identify the premises. 

b. Show that reasonable effort has been made to eliminate residual con- 
temination. 

C. Describe the scope of the survey and general procedures followed. 

d. State the findings of the survey in units specified in the instruc- 
tion. 

Following review of the report, 
to confirm the survey. 

the NRC will consider visiting the facilities 
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TABLE 1 

ACCEPTABLE SURFACE CONTMINATTON LEVFU 

NucLIDES8 AVERAGUbCf nAxxtlutlbdf R.Q210VABLEbef 
u-n&t, *3bfl, *w and 5000 dis/min-100 cm* a 15,000 die/ah-100 cm2 u 1000 dis/min-100 cm* a 
ssaocirtcd decay products 

Ttmrurrnicr, t2aRa 
226~6, 23%, 226$ 

231Pa, 227A~, 
1251 

9 
12SI 

100 dis/sin-100 cm* 300 dia/min-100 cm2 20 dis/mio-100 cm2 

H 

Tb-nat, 232Th, @%t 
223b 224R6 232~ ' 
1261 P '131& is31 ' 

1000 dis/min-100 cm2 3,000 dis/min-100 cm* 200 dis/min-100 cm2 

Beta-gama emitter8 5000 die/ah-100 cm* )3y 15,000 dia/min-100 cm2 By 1000 dir/Pin-100 cm: By 
(nuclides with decay 
modes other than alpha 
emission or spontaneous 
fission) except '%r 
and others noted above. 
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TABLE 1 . 
(Footnotes) 

ACCEPTABIX SURFACE CONTAMINATION LEVELS 

‘Where surface contamination by both alpha and beta-gamma emitting nuclides 
exists, the limits cstablisbed for alpha and beta-gamma emitting nuclides 
should apply independently. 

b As used in this table, dis/min (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting the counts per 
minute observed by an appropriate detector for background, efficiency, and 
geometric factors associated with the instrumentation. 

‘Weasurements of average contaminant should not be averaged over more than 
1 square meter. For objects of less surface area, the average should be 
derived for each such object. 

% he maximum contamination level applies to an area of not more than 100 cm*. 

eThe amount of removable radioactive material per 100 cm* of surface area 
should be determined by wipi,ng that area with dry filter or soft absorbent 
paper, applying moderate pressure, and assessing the amount of radioactive 
material on the wipe with an appropriate instrument of known efficiency. 
When removable contamination on objects of less surface area is determined, 
the pertinent levels should be reduced proportionally and the entire surface 
should be wiped. 

f The average and maximum radiation levels associated with surface contamina- 
tion resulting from beta-gamma emitters should not exceed 0.2 mrad/h at 1 cm 
and 1.0 mrad/h at 1 cm, respectively, measured through not more than 7 milli- 
grams per square centimeter of total absorber. 

.-. 
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III. SURGEON GENERAL’ S GUIDELINES 
as included in 10 CFR Part 712 

Grand Junction Remedial Action Criteria 

712.1 Purpose 

(a) The regulations in this part establish the criteria determination by 
DOE of the need for, priority of and selection of appropriate reme- 
dial action to limit the exposure of individuals in the area of 
Grand Junction, Colorado, to radiation emanating from uranium mill 
tailings which have been used as construction-related material. 

(b) The regulations in this part are issued pursuant to Pub. L. 92-314 
(86 Stat. 222) of June 16, 1972. 

712.2 Scope 

The regulations in this part apply to all structures in the area of 
Grand Junction, Colorado, under or adjacent to which uranium mill tailings 
have been used as a construction-related material between January 1, 1951, and 
June 16, 1972, inclusive. 

712.3 Definitions 

As used in this part: 

(a) “Administrator” means the Administrator of Energy Research and 
Development or his duly authorized representative. 

(b) “Area of Grand Junction, Colorado,” means Mesa County, Colorado. 

(c) “Background” means radiation arising from cosmic rays and radio- 
active material other than uranium mill tailings. 

(d) “DOE” means the U. S. Department of Energy or any duly authorized 
representative thereof. 

(e) *‘Construction-related Uterial” means any material used in the 
construction of a rtructure. 

(f) “External gamma radiation level” means the average gamma radiation 
exposure rate for the habitable area of a structure as measured near 
floor level. 

(6) “Indoor radon daughter concentration level” means that concentration 
of radon daughters determined by: (1) averaging the results of six 
air samples each of at least 100 hours duration, and taken at a 
minimum of l-week intervals throughout the year in a habitable area 
of a structure, or (2) utilizing some other procedure approved by 
the Counission. 
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(h) YliIliroentgen” (mR) means a unit equal to one-thousandth (l/1000) 
of a roentgen which roentgen is defined as an exposure dose of X or 
gama radiation such that the associated corpuscular emission per 
0.001293 gram of air produces, in air, ions carrying one electro- 
static unit of quantity of electricity of either sign. 

(i) “Radiation” means the electromagnetic energy (gasxoa) and the partic- 
ulate radiation (alpha and beta) which emanate from the radioactive 
decay of radium and its daughter products. 

(j) “Radon daughters” means the consecutive decay products of radon-222. 
Generally, these include Radium A (polonium-218), Radium B (lead- 
214), Radium C (bismuth-214), and Radium C’ (polonium-214). 

(k> “Remedial action” means any action taken with a reasonable expec- 
tation of reducing the radiation exposure resulting from uranium 
mill tailings which have been used as construction-related material 
in and around structures in the area of Grand Junction, Colorado. 

(1) “Surgeon General’s Guidelines” means radiation guidelines related to 
uranium mill tailings prepared and released by the Office of the 
U.S. Surgeon General, Department of Health, Education and Welfare on 
July 27, 1970. 

(m) “Uranium mill tailings” means tailings from a uranium milling opera- 
tion involved in the Federal uranium procurement program. 

(n) “Working Level” (WL) means any combination of short-lived radon 
daughter products in 1 liter of air that will result in the ultimate 
emission of 1.3 x lo5 BeV of potential alpha energy. 

712.4 Interpretations 

Except as specifically authorized by the Administrator in writing, no 
interpretation of the meaning of the regulations in this part by an officer or 
employee of DOE other than a written interpretation by the General Counsel 
will be recognized to be binding upon DOE. 

712.5 Comunications 

Except where othewise specified in this part, all communications con- 
cerning the regulations in this part should be addressed to the Director, 
Division of Safety, Standards, and Compliance, U.S. Department of Energy, 
Washington, D.C. 20545. 

712.6 General radistion exposure level criteria for remedial action. 

The basis for undertaking remedial action shall be the applicable guide- 
lines published by the Surgeon General of the United States. These guidelines 
recommended the following graded action levels for remedial action in terms of 
external gm radiation level (EGR) and indoor radon daughter concentration 
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level (RDC) above background found within dwellings constructed 
uranium mill tailings. 

EGR RDC Recommendation 

Greater than 
0.1 mR/h 

Greater than 
0.05 WI.3 

Remedial action 
indicated 

From 0.05 to 
0.1 mR/h 

From 0.01 to 
0.05 WL 

Remedial action 
may be 
suggested. 

Less than 
0.05 mR/h 

Less than 
0.01 WL 

No remedial 
action indi- 
cated. 

on or with 

712.7 Criteria for determination of possible need for remedia.1 action 

Once it is determined that a possible need for remedial action exists, 
the record owner of a structure shall be notified of that structure’s eligi- 
bility for an engineering assessment to confirm the need for remedial action 
and to ascertain the most appropriate remedial measure, if any. A determioa- 
tion of possible need will be made if as a result of the presence of uranium 
mill tailings under of adjacent to the structure, one of the following cri- 
teria is met: 

(a) Where DOE approved data on indoor radon daughter concentration 
levels are available. 

(1) For dwellings and schoolrooms: An indoor radon daughter con- 
centration level of 0.01 UL or greater above background. 

(2) For other structures: An indoor radon daughter concentration 
level of 0.03 WL or greater above background. 

(b) Where DOE approved data on indoor radon daughter concentration 
levels are not svailable: 

(1) For dwellings and schoolrooms: 

(i) An external gafmsa radiation level of 0.05 mR/h or greater 
above background. 

(ii) An indoor radon daughter concentration level of 0.01 WI, or 
greater above background (presumed). 
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(A) It uy be presumed that if the external gamma radia- 
tion level is equal to or exceed 0.02 mR/h above 
background, the indoor radon daughter concentration 
level equals or exceeds 0.01 WL above background. 

(B) It should be presumed that if the external gamma 
radiation level is less than 0.001 mR/h above back- 
ground, the indoor radon daughter concentration level 
is less than 0.01 UL above background, and no pos- 
sible need for remedial action exists. 

(C) If the external game radiation level is equal to or 
greater than 0.001 mR/h above backgrond but is less 
than 0.02 mR/h above background, measurements will be 
required to ascertain the indoor radon daughter 
concentration level. 

(2) For other structures: 

(i) An external ganrPa radiation level of 0.15 mR/h above 
background averaged on a room-by-room basis. 

(ii) No presumptions shall be made on the l xtemal gamma radia- 
tion level/indoor radon daughter concentration level 
relationship. Decisions will be made in individual cases 
based upon the results of actual measurements. 

712.8 Determination of possible need for remedial action where criteria 
have not been met. 

The possible need for remedial action may be determined where the cri- 
teria in 712.7 have not been met if various other factors are present. Such 
factors include but are not necessarily limited to, size of the affected area, 
distribution of radiation levels in the affected area, amount of tailings, age 
of individuals occuping affected area, occupancy time, and use of the affected 
area. 

712.9 Factors to be considered in determination of order of priority for 
remedial action. 

In determining the order or priority for execution of remedial action, 
consideration ahall be given, 
factors : 

but not necessarily limited to, the following 

(a) Classification of rtructure. Dwellings and schools shall be consid- 
ered first. 

(b) Availability of data. Those structures for which data on indoor 
radon daughter concentration levels and/or external gamma radiation 
levels are available when the program starts and which meet the 
criteria in 712.7 will be considered first. 
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(c) Order of application. Insofar as feasible remedial action will be 
taken in the order in which the application is received. 

(d) Magnitude of radiation level. In general, those structures with the 
highest radiation levels will be given primary consideration. 

(e) Geographical location of structures. A group of structures located 
in the same immediate geographical vicinity may be given priority 
consideration particularly where they involve similar remedial 
efforts. 

(f) Availability of structures. An attempt will be made to schedule 
remedial action during those periods when remedial action can be 
taken with minimum interference. 

(g) Climatic conditions. Climatic conditions or other seasonable con- 
siderations may affect the scheduling of certain remedial measures. 

712.10 Selection of appropriate remedial action. 

(a) Tailings will be removed from those structures where the appro- 
priately averaged external gama radiation level is equal to or 
greater than 0.05 x&/h above background in the case of dwellings and 
schools and 0.15 mR/h above background in the case of other struc- 
tures . 

(b) Where the criterion in paragraph (a) of this section is not met, 
other remedial action techniques, including but not limited to 
sealants, ventilation, and shielding may be considered in addition 
to that of tailings removal. DOE shall select the remedial action 
technique or combination of techniques, which it determines to be 
the most appropriate under the circumstances. 
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IV. EXCERPTS FROM DOE S480.1 Chg. 6, CHAPTER XI 

“Requirements for Radiation Protection” 

Exposure of Individuals and Population Groups in Uncontrolled Areas. 
Exposures to members of the public shall be as low as reasonably achievable 
levels within the standards prescribed below. , 

Radiation Protection Standards 
for External and Internal Exposure 

of tkmbers of the Public 

Annual Dose Equivalent 
or Dose Commitment 

Type of Exposure 

Based on Dose to 
Individuals at 
Points of Maximum 
Probable Exposure 

Based on Average Dose 
to a Suitable Sample 
of the Exposed 
Population 

. ..- Whole body, 
gonads, or 
bone marrow 

0.5 rem 
(or 500 mrem) 

0.17 rem 
(or 170 mrem) 

Other organs 1.5 rem 
(or 1500 mrem) 

0.5 rem 
(or 500 mrem) 
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V. EXCERPTS FROM LA-UR-79s1865-Rev., 

“Interim Soil Limits for D&D Projects” 

Table XXIII. Recommended Soil Limits apb (in pCi/g) 

=lPa 
Inhalation 

50 

Ingestion 
Home Full 

Gardener Diet 
740 150 

External 
Radiation 

250 

All 
PathwaysC 

40 

227Ac 200d 4,900 1,000 300 120d 

232Th 45 670 140 40 20 

228Th 1,000 37,000 7,800 55 50 

230Th (No Daught.) 300 4,400 940 36,000 280 

238u,234~ 750 44 8 6,000 40 

%r 2x106 100 19 100 

13’cs 7x106 800 1 go 80 

‘Soil limits for 24lh and 239,246~~ are available from EPA recommendations, 
and a soil limit for 226Ra has been reported by Healy and Rodgers. 

b Limits are to apply to only one nuclide present in the soil. If more than 
one is present a weighted average should apply. 

‘Based on diet of a home gardener. 

dn odified from LA-DR-79-1865-Rev. values to correct apparent error. 
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To assess the internal radiological hazard from inhalation/ingestion of 
contamination possibly due to HED/AEC occupancy, a hypothetical, yet con- 
ceivable, worst-case situation involving the ceiling in Room 1 has been con- 
strutted. Since the results of gamma-spectral and mass-spectral analysis 
indicated normal uranium, normal uranium has been used as the nuclide of 
concern in the scenario that follows., 

The highest level of contamination on the ceiling of Room 1 (at loca- 
tion 133) was 1.7 x 10’ dis/min-100 cm2 
activity (A) in units of @Zi is: 

equated to normal uranium. The 

A= 1.7 x lo5 dis/min-100 cm2 x 1 Ci of normal W x lo6 WCi 
4.54 x 1012 dis/min 1 Ci 

= 3.74 x 10B2 PC-i/100 cm2. 

A probable situation that could arise would involve the cutting of the 
ceiling for an exhaust vent using a concrete-core driller. 
ceiling was contaminated, 

Since much of the 
it is assumed that the entire area of the ceiling 

being cut is uniformly contaminated at a level of 3.74 x 1O-2 pCi/lOO cm2. It 
also is assumed that a concrete-core driller having a diameter of 30.5 cm 
(1 ft) and a cutting edge of 1.5 cm is used to cut the holes. The area of 
concrete (B) displaced by the driller would be: 

B = n[(15.2 a~)~ - (13.7 cn~)~] = 1.36 x lo2 cm2. 

It is assumed that the concrete is dry and that a maximum dust distur- 
bance would be created. Since the cutting operation would probably produce 
many small particles (or dust) of concrete rather than large pieces, the 
assumption is made that 90% of the concrete becomes airborne and respirable. 
The total amount of activity that becomes l irbome and respirable (C) due to 
the cutting is then: 

C = 3.74 x 10 a2 pCi/lOO cm2 x 1.36 x lo2 cm2 i 0.90 

= 4.59 x 100~ HCi 

The total volume of Room 1 is about 2.2 x 10’ m3. If the dust created would 
become dispersed throughout the room and suspended in this volume of air, the 
concentration of normal uranium in the air (D) would be: 

*A Curie of normal uranium normalized to *8aU, i .c., the sum of 3.7 x lOlo 
dir/s from *a%, plus 3.7 x lOlo dis/s from ps4U, plus 1.7 x lOa dis/s from 
gasll. This equals 7.57 x lOi dis/s or 4.54 x 1012 dir/min. 
Curie is 3.7 x lOlo dir/t or 2.22 x 1012 dis/rin. 

A standard 
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D= 4.59 x lo- 2 pCi/2.2 x lo3 m3 
= 2.1 x 1O-5 )rCi/m3. 

Hare than two people would probably not be involved in this operation, 
and the job should require no mre than an hour, The drilling of this small 
area should not take very long and the particles would soon fall out of sus- 
pension. Assuming a person would inhale 1.2 m3 of air per hour (Ref. 1) and 
would be involved in this job for a one-hour period, the amount of activity 
(E) that would be inahled is: 

E= 2.1 x lo- ’ tJCi/ma x 1.2 q 3/h x 1 h 

= 2.5 x 1O-s PCi 

= 2.5 x 10’ pCi. 

The adult inhalation dose commitment factors for the bone, kidney, lung, 
and total body f ram 238U, 234U, 235U, and short-lived daughters (Ref. 2) are 
presented in Table 7.1. The sum of the factors for 238U and 234U and short- 
lived daughters is also presented. The results of the calculations given in 
A pendix 5, i.e., 
2 s sU 

that 2.2% of normal U disintegrations per minute are due to 
and 97 -8% due to 238’234U (or 48.9% each) can be used to obtain the dose 

cossaitment factors for normal uranium in terms of pCi of 238U. 

The 50-year dose coxunitment (F) from the inhalation of 2.5 x lo1 pCi of 
normal uranium is: 

F = 2.5 x 10’ pCi x 

(1) 1.0 x lo-’ mrem/pCi inhaled = 2.5 mrem, lung 

(2) 2.04 x 1O-2 mrem/pCi inhaled = 5.1 x 10-l mrem, bone 

(3) 4.78 x 1O-3 l rem/pCi inhaled = 1.2 x 10-l mrem, kidney 

(4) 1.24 x 1O-3 rrem/pCi inhaled = 3.1 x 1O-2 mrem, total body 

Thus, the person would receive a 2.5-mrem dose commitment to the ‘lung, a 
O-51-mrem dose comitment to the bone, a O-12-mrem dose commitment to the 
kidneys, and a O-031-mrem dose commitment to the total body under this 
scenario. 

Even though these calculations are based on reasonable hypothesized 
values, the actual total inhaled and the subsequent dose cmitaents could 
differ from those hypothesized. This is due to uncertainties in the estima- 
tion of the fraction that becomes l irbome and respirable, in the estimation 
of the breathing rate and duration of Inhalation, and in the application of 
the dose cousaitment factors to the persons involved. The hypothesized case 
is, however, based on reasonably conservative assumptions. 
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TABLE 7.1 

ADULT DOSE COIlHITHENT FACTORS 
brem/SO yr-pCi inhaled in the 1st year) 

Radionuclide Bone Kidney Lw4 Total Body 

2S8u 

234Th 

9 .S8x1O-3 2.18~10-~ 4.58~10-~ 5.67x10-' 

1.63~10-~ 5.41x10-’ 1.89x10-’ 4.7x10-8 

234~ 1.04x10-2 2.49x10-3 5.22x10-2 6.46x10-' 

235~ 1.0x10-2 2.34~10-~ 4.90x10-2 6.07~10-~ 

234~ g, 238~ t 2.0x10-2 4.67~10-~ 9.82x1O-2 1.21x10-3 
short-lived 
daughters 
Ip:fijpCi of 

Normal U8 
(per {Ci 
of 23 U) 

‘Normal U is 2.2% 235U and 97.8 234U and 238U, by pCi (see Appen- 
dix 5). 

.“_ _I “- 
~_I_ 
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EVALUATION OF RADIATION EXPOSURES AT THE 
NATIONAL GUARD ARHORY 

I. PREFACE 

The U.S. Department of Energy has initiated a program to determine the 
present radiological condition of sites formerly used for work with radio- 
active material by the Manhattan Engineer District (HED) and the Atomic Energy 
Conrmission (AEC). Beginning in Harch 1942, the Illinois National Guard Armory 
at Washington Park, 52nd Street and Cottage Grove Avenue, Chicago, Illinois, 
was used jointly by the WED Metallurgical Laboratory and the University of 
Chicago. Personnel involved with this facility during the HED/AEC era 
recalled that some type of uranium processing was conducted there and that the 
grandstands surrounding the arena were used for storage of radioactive materi- 
als. The use of the arena could have involved both the chemical processing 
and metal casing of uranium. The use of the facility was terminated in 1951 
and the property returned to the State of Illinois. Since existing documenta- 
tion was insufficient to determine whether any decontamination work done at 
the time nuclear activities ceased was adequate by current guidelines, a 
comprehensive radiological assessment of the armory was conducted during the 
period September 19, 1979, to October 11, 1978. 

The Illinois National Guard Armory is a 70 m x 190 ID concrete building. 
The arena, which is 70 m x 110 m, is located on the first floor; the areas 
surrounding the arena are three stories high. The armory is occupied by the 
Illinois National Guard and houses the 1st Battalion, 178th Infantry, and the 
2nd Battalion, 122nd Field Artillery. It is used for offices, classrooms, and 
storage and garage areas. 

II. INTRODUCTION 

A. Types of Radiation 

Radiation is the emission or transmission of energy in the form of waves 
or particles. Examples are acoustic waves (i.e., round), electromagnetic 
waves (such as radio, light, x- and gatmsa-rays), and particulate radiations 
(such as alpha particles, beta particles, neutrons, protons, and the ele- 
mentary particles). 

The class of radiation of importance to this report is known as ionizing 
radiation. Ionizing radiations are those, either electromagnetic or particu- 
late, with sufficient energy to ionize matter, i.e., to remove or displace 
electrons from atoms and molecules. 
ation are x- 

The most coannon types of ionizing radi- 
and g-a-rays, alpha particles, beta particles, and neutrons. 

X- and gaPrma-rays are electromagnetic waves of pure energy, having no 
charge and no mass or existence at rest. Gamma-rays and x-rays are identical 
except that x-rays originate in the atom and gasxna-rays originate in the 
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nucleus of l tl atom. X- and gamma-rays are highly penetrating and can pass 
through relatively thick materials before interacting. Upon interaction, some 
or all of the energy is transferred to electrons, which, in turn, produce 
additional ionizations while coming to rest. 

Alpha particles are positively charged particulate6 composed of two 
neutrons and two protons, identical to the nucleus of a helium atom. Due to 
its comparatively large mass and double charge, an alpha particle interacts 
readily with matter and penetrates only a very short distance before coming to 
rest, causing intense ionization along its path. 

Beta particles are negatively charged free electrons roving at high 
speeds. Due to its comparatively small mass and single charge, a beta par- 
ticle’s penetration through matter is intermediate between that of the alpha 
particle and the garmsa-ray, causing fewer ionizations per unit path length 
than an alpha particle. 

B. Sources of Radiation 

Ionizing radiations arise from terrestrial radioactive materials (both 
naturally-occurring and man-made), extra-terrestrial (cosmic) sources, and 
radiation-producing machines. The sources of ionizing radiation important to 
this report are radioactive materials and cosmic sources. 

Host atoms of the elements in our environment remain structurally stable. 
With time, an atom of potassium, for instance, may change its association with 
other atoms in chemical reactions and become part of other compounds, but it 
will always remain a potassium atom. Radioactive atoms, on the other hand, 
are not stable and will spontaneously emit radiation in order to achieve a 
more stable state. Through spontaneous transformation, the ratio of protons 
and neutrons in the nucleus is altered toward a more stable condition. Radia- 
tion may be emitted from the nucleus as alpha particles, beta particles, 
neutrons, or gamma-rays, depending uniquely upon each particular radionuclide. 
Radionuclides decay at characteristic rates dependent upon the degree of 
stability and characterized by a period of time called the half-life. In one 
half-life, the number of radioactive atoms and, therefore, the amount of 
radiation emitted, decreases by one-half. 

The exposure of msn to terrestrial radiation is due to naturally occuring 
radionuclides and also to “man-made” or technologically enhanced radioactive 
uterials. Several dozen radionuclides occur naturally, some having half-lives 
of at least the same order of magnitude as the estimated age of the earth. 
The majority of these naturally occurring radionuclides are isotopes of the 
heavy elements and belong to three distinct radioactive series headed by 
uranium-238, uranium-235, and thorium-232. Bach of these decays to stable 
isotopes of lead (Pb) through a sequence of radionuclides of widely varying 
half-lives. Other naturally occurring tadionuclides, which decay directly to 
a stable nuclide, are potassium-40 and rubidium-87. It should be noted that 
even though the isotopic abundance of potassium-40 is less than 0.012X, potas- 
aium is so widespread that potassium-40 contributes about one-third of the 
radiation dose received by man from natural background radiation. A major 
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portion of the exposure (dose) of man to external terrestrial radiation is due 
to the radioauclides in the soil, primarily potassium-40 and the radioactive 
decay chain products of thorium-232 and uranium-238. The naturally occurring 
radionuclides deposited internally in man through uptake by inbalation/inges- 
tion of air, food, and drinking water containing the natural radioactive 
material also contribute significantly to his total dose. Hany other radio- 
nuclides are referred to as “man made” in the sense that they can be produced 
in large quantities by such means as nuclear reactors, accelerators, or 
nuclear weapons tests. 

The term “cosmic radiation” refers both to the primary energetic par- 
ticles of extra-terrestrial origin that are incident on the earth’s atmosphere 
and to the secondary particles that are generated by the interaction of these 
primary particles with the atmosphere and reach ground level. Primary radia- 
tion consists of “galactic” particles, externally incident on the solar 
system, and “solar” particles emitted by the sun. This radiation is composed 
primarily of l Dergetic protons and alpba particles. The first generation of 
secondary particles (secondary cosmic radiation), produced by nuclear inter- 
actions of the primary particles with the atmosphere, consists predominantly 
of neutrons, protons, and pions. Pion decay, in turn, results in the produc- 
tion of electrons, photons, and muons. At the lower elevations, the highly 
penetrating ~UODS and their associated decay and collision electrons are the 
dominant components of the cosmic-ray particle flux density. These particles, 
together with photons from the gamma-emitting, naturally occurring radio- 
nuclides in the local environment, form the external penetrating component of 
the background environmental radiation field which produces a significant 
portion of the whole-body radiation dose to man. 

In addition to tbe direct cosmic radiation, cosmic sources include cosmic- 
ray-produced radioactivity, i.e., cosmogenic radionuclides. The major produc- 
tion of cosmogenic radiopuclides is through interaction of the cosmic rays 
with the atmospheric gases through a variety of spallation or neutron-capture 
reactions. The four cosmogenic radionuclides that contribute a measurable 
radiation dose to man are carbon-14, sodium-22, beryllium-7, and tritium 
(hydrogen-3), all produced in the l ts’osphere. 

III. BACKGROUND RADIATION DOSES I... 

Background radiation doses are comprised of an external component of 
radiation impinging on man from outside the body and aD internal component due 
to radioactive materials taken into the body by inhalation or ingestion. 

-... 

_ 

Radiation dose uy be expressed in units of rads or rems, dependiag upon 
whether the reference is to the energy deposited or to the biological effect. 
A rad is the amount of radiation that deposits l certain amount of energy io 
each gram of material. It applies to all radiations and to all materials 
which l baorb that radiation. 

Since different types of radiation produce ionizations at different rates 
as they pass through tissue, differences in damage to tissues, and hence the 
biological effectiveness of different radiations, has been noticed. A rem is 
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defined 8s the amount of energy absorbed (in rads) from a given type of radia- 
tion multiplied by the factor appropriate for the particular type of radiation 
in order to approximate the biological damage that it causes relative to a rad 
of x or gassna radiation. The rem permits evaluation of potential effects from 
radiation exposure without regard to the type of radiation or its source. One 
rem received from cosmic radiation results in the same biological effects as 
one rem from medical x-rays or one rem from the radiations emitted by natur- 
ally occurring or man-made radioactive materials. 

The external penetrating radiation dose to man derives from both ter- 
restrial radioactivity and cosmic radirtion. The terrestrial component is due 
primarily to the gassna dose from potassium-40 and the radioactive decay prod- 
ucts of thorium-232 and uranium-238 in soil as well as from the beta-gamma 
dose from radon daughters in the atmosphere. Radon is a gaseous member of the 
uranium-238 chain. The population-weighted external dose to an individual’s 
whole body from terrestrial sources in the United States has been estimated as 
15 mrem per year for the Atlantic and Gulf Coastal Plain, 57 mrem per year for 
an indeterminate area along the Rocky Mountains, and 29 mrem per year for the 
majority of the rest of the Uoited States. The overall population-weighted 
external dose for the U.S. population as a whole has been estimated to be 
26 mrem per year. 

The cosmic radiation dose, due to the charged particle and neutrons from 
secondary cosmic rays, is typically about 30% to 50% of the total from all 
external environmental radiation. The cosmic-ray dose to the population is 
estimated to be 26 mrem per year for those living at sea level, and increases 
with increasing altitude. Considering the altitude distribution of the U.S. 
population, the population-weighted external cosmic-ray dose is 28 mrem per 
year. The population-weighted total l xtemal dose from terrestrial plus cosmic 
sources is thus 54 mrem per year for the U.S. population as a whole. 

The internal radiation doses derive from terrestrial and cosmogenic 
radionuclides deposited within the body through uptake by inhalation/ingestion 
of air, food, and drinking water. Once deposited in the body, many radio- 
active materials can be incorporated into tissues because the chemical 
properties of the radioisotopes are identical or similar to stable isotopes in 
the tissues. Potassium-40, for instance, is incorporated into tissues in the 
same manner as stable potassium atoms because the chemical properties are 
identical; radioactive radium and strontium can be incorporated into tissues 
in the same manner as calcium because their chemical properties are similar. 
Once deposited in tissue, these radionuclides emit radiation that results in 
the internal dose to individual organs and/or the whole body as long BS it is 
in the body. 

The internal dose to the lung is due primarily to the inhalation of 
polonium-218 and -214 (radon daughters), lead-212 and bismuth-212 (thoron 
daughters) and polonium-210 (one of the longer-lived radon decay products). 
The dose to the lung is about 100 mrem per year from inhaled natural radio- 
l ctivity. The internal dose from subsequent incorporation of inhaled or 
ingested radioactivity is due to a beta-gamma dose from incorporation of 
potassium-40, rubidium-87, and cosmogenic nuclides, and an alpha dose from 
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incorporation of primarily polonium-2X0, 
and -234. 

radius’-226 and -228, rnd uranium-238 
The dose to UD from internally incorporated radionuclides is about 

28 mrem per year to the eonads, 
lung, and other soft tissues, 

about 25 mrem per year to the bone marrow, 

cytes) . 
and about 117 mrem per year to the bone (osteo- 

The bone dose arises primarily from the alpha-emitting members of the 
naturally occurring series, with polonium-210 being the largest contributor. 
The gonadal and soft tissue doses arise primarily from the beta and gamma 
emissions from potassium-40. The total internal dose from inhaled plus 
incorporated radioactivity is about 28 mrem per year to the gonads (or wbole- 
body dose), about 125 mrem per year to the lung, about 25 mrem per year to the 
bone marrow, and about 117 mrem per year to the bone (osteocytes). 

The total natural background radiation dose is the sum of the external 
and internal components. The population-weighted dose for the U.S. population 
as a whole is about 82 mrem per year to the gonads or whole body, about 
179 mrem per year to the lung, about 79 mrem per year to the bone marrow, and 
about 171 mrem per year to the bone (osteocytes) (Ref. 1). 

Besides the natural background radiation, background radiation doses 
include contributions from man-made or technologically enhanced sources of 
radiation. By far, 
medical examinations. 

the most significant are x-ray and radiopharmaceutical 
These contribute a population-averaged dose estimated 

to be 70 mrem per year for the U.S. population as a whole. Fallout from 
nuclear weapons testing through 1970 has contributed SO-year dose commitments 
estimated as 80 mrem external, and 30, 20, and 45 mrem internal to the gonads, 
1-s I and bone marrow, respectively. Contributions from the use of fossil 
fuels (natural gas and coal) and nuclear reactors; mining, milling, and tail- 
ings piles ; television sets, smoke detectors, and watch dials could be 
responsible for an additional 5 mrem per year, 
tion as a whole. In addition, 

averaged over the U.S. popula- 

scientific, industrial, 
the use of radiation or radioactivity for 

and, 
or medical purposes may cause workers-in the industry 

to a lesser extent, members of the general public to receive some radia- 
tion exposure above natural background. 

IV. EVALUATION OF RADIATION DOSE AND POTENTIAL BAEARD 

Radiation, regardless of its sources, is considered to be a hazard 
because of its potential for producing adverse effects on human life. Very 
large amounts of radiation received over a brief period, i.e., hundreds of rem 
delivered within a few hours, 
or weeks. 

can produce severe injury or death within days 
Distributed over longer intervals, however, these same doses would 

not cause early illness or fatality. 
these iassediate symptoms, 

At doses 8nd rates too low to produce 
chronic or repeated exposure to radiation can bring 

about biological damage which does not appear until years or decades later. 
These low-level effecta are stochastic in nature; their probability rather 
than their severity increases witb dose. 
delayed effects are somatic effects, 

Primary among these latent or 
where insults such l S cancers occur 

directly to the individual exposed, and genetic defects, where, through damage 
to the reproductive cells of the exposed individual, disability and disease 
ranging from subtle to severe are transmitted to his offspring. 
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Clinical or observed evidence of a relationship between radiation and 
human c8ncers arise from several sources, The most important data come from 
the victims of Hiroshima and Nagasaki, patients exposed during medical ther- 
l PY I radium dial painters, and uranium miners. Data exist only for relatively 
large doses ; there have been no direct measurements of increased incidence of 
cancer for low-level radiation exposures. Evaluation of the available data 
has lead to l stia’ates of the risk of radiation-induced cancer; estimated risks 
for the lower doses have been derived by linear extrapolation from tbe higher 
doses. All radiation exposures then, no matter how small, are assumed to be 
capable of increasing an individual’s risk of contracting cancer. 

Data on genetic defects resulting from radiation exposure of humans is 
not available to the extent necessary to allow an estimate of the risk of 
radiation-induced effects. Data from animals, along with general knowledge of 
genetics, have been used to derive an estimate of the risks of genetic 
effects . 

Estimates of bealtb effects from radiation doses are usually based on 
risk factors BS provided in reports issued by International Commission on 
Radiological Protection (ICRP) (Ref. 2), National Research Council Advisory 
Cosxaittee on the Biological Effects of Ionizing Radiation (BEIR) (Refs. 3, 4), 
or United Nations Scientific Cosxaittee on tbe Effects of Atomic Radiation 
(UNSCEAR) (Ref. 5). Bultiplying the estimated dose by the appropriate risk 
factor provides an estimate of the risk or probability of induction of health 
effects to an individual or his descendants as 8 result of that exposure. The 
evaluation of these risk factors is presently subject to large uncertainties 
and, therefore, potential continual revision. The risk factors recosxsended 
by the ICRP for cancer mortality and hereditary ill health to the first and 
second generations are lo-’ per rem of whole-body dose and 4 x 100~ per rem of 
gonadal dose, respectively. As an example, a whole-body dose of 1 rem would 
be estimated to add a risk of cancer mortality to the exposed invididual of 
lo-‘, i.e., 1 chance in 10,000. However, a precise numerical value cannot be 
assigned with any certainty to a particular individual’s increase in risk 
attributable to radiation exposure. The reasons for this are numerous and 
include the following: (1) uncertainties over the influence of the individu- 
al’s age, state of health, personal habits, family medical history, and 
previous or concurrent exposure to other cancer-causing agents, (2) the vari- 
ability in the latent period (time between exposure and physical evidence of 
disease), and (3) the uncertainty in the risk factor itself. 

To be meaningful, an attempt should be made to view such risk estimates 
in the appropriate context. One useful comparison is with risks encountered 
in normal life. Another comparison, potentially more uaeful, is with an 
estimation of the risks attributable to natural background radiation. Radia- 
tion from natural external and internal radioactivity resulta in the same 
types of interactions with body tissues as that from “man-made” radioactivity. 
Hence, the risks from a specified dose are the same regardless of tbe source. 
Rather than going through an intermediate step involving risk factors, doses 
can also be compared directly to natural background radiation doses. 
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Besides being used as the basis for estimation of risks and comparisons 
to natural background, doses may be compared to standards and regulations. Tbe 
appropriate standards, the Department of Energy “Requirements for Radiation 
Protection,” give limits for external and internal exposure for the whole body 
and specified organs which are expressed as the permissible dose or dose 
commitment annually in addition to natural background and medical exposures. 
There are in general two sets of limits, one applicable to occupationally 
exposed persons and the SecoDd applicable to individuals and population groups 
of the general public. The limits for individuals of the public are one-tenth 
of those permitted for occupationally exposed individuals. The set of limits 
important to this report are those applicable to individuals 8nd population 
groups of the public. The limits for individuals of the public are 500 mrem 
per year to the whole body, gonads, or bone marrow and 1500 mrem per year to 
other organs. Tbe limits for population groups of the public are 170 mrem to 
the whole body, gODadS, or bone marrow and 500 mrem per year to other organs, 
averaged over the group. In either case, exposures are to be limited to the 
lowest levels reasonably achievable within given limits. 

V. RESULTS OF SITE RADIOLOGICAL SURVEY 

The comprehensive radiological survey performed at the Illinois National 
Guard Armory was conducted on an intermittent basis between September 1977 and 
October 1978. Direct instrument surveys and smear surveys indicated that some 
areas of contamination were present in the facility. Contamination possibly 
due to MED/AEC occupancy was found at 73 locations in 11 rooms or areas. With 
the exception of Rooms 1, 260, and the floor drain system for Rooms 1 and 5, 
the contamination consisted of small localized spots, mainly on floors. The 
contamination in Room 1 was extensive and involved about 200 m* of concrete 
ceiling and floor. The contamination in Room 260 involved about 3 m* of con- 
crete floor. The contamination on the floors was not easily removable, 
whereas most of the contamination on the ceiling was easily removable when 
smeared. The contamination in the floor drain system for Rooms 1 and 5 COD- 
sisted of about 2 m* of contaminated brick and sludge within two catch basins. 
Gasssa-spectral analyses indicated tbat the contaminant is predominantly normal 
uranium. Air sampling indicated ranges of radon and daughter concentrations 
within normally expected background concentrations. No long-lived radio- 
nuclides were detected on any air sample. Environmental soil sampling about 
the grounds of the National Guard Armory indicated uranium concentrations 
essentially the same as natural background. 

The survey data may be evaluated in terms of the potential doses that 
exposed persons could receive. Doses were calculated for a scenario involving 
the ceiling in Room 1 that could result in an internal radiation dose from 
inhalation of radioactivity. The maxiBum potential internal dose WBS calcu- 
lated to be 2.5 l rem to the lung, 0.51 l rem to the bone, 0.12 mrem to the 
kidney, and 0.031 l rem to the whole body. For the lung, bone, and kidney, 
these doses represent additions of about 1.4X, 0.3% and 0.15X, to the 1790mrem, 
1710mrem, and 820mrtm annual natural background lung, bone, and kidney (soft 
tissue) doses, respectively, and 0.2X, 0.03% and 0.008% of the 1500-mrem limit 
for a member of the public. For the whole body, this represents an increase 
of about 0.04% to the 820mrem annual natural background whole body dose and 
0.006% of the SOO-mrem limit for a member of the public. 
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To reduce the potential for radiation exposures, remedial measures such 
as stabilization of the contamination in place would be applicable as a short- 
term measure. To reduce the rirt in the event that building modifications 
take place in the future, 
mended. 

health physics procedures and coverage are recom- 
The long-term solution would involve decontamination by removal of 

the radioactive residues from the 11 rooms or areas in the facility. 
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During January and February 1987, a radiological and limited 
chemical characterization was conducted at the National Guard Armory 
located in Chicago, Illinois. The characterization was performed as 
part of the Formerly Utilized Sites Remedial Action Program 
(FUSRAP), a U.S. Department of Energy effort to identify, clean up, 
or otherwise control sites where residual radioactive material 
remains from the early years of the nation's atomic energy program. 

A radiological characterization conducted by Argonne National 
Laboratory established that contamination existed at the site. The 
1987 characterization, conducted by the FUSRAP Program Management 
Contractor, Bechtel National, Inc., was necessary to define 
locations and boundaries of the contamination to support remedial 
action. 

Measurements taken during the BNI characterization indicated that 
numerous isolated areas on building surfaces were contaminated in 
excess of current guidelines. Sludge samples collected from the 
catch basin system in Rooms 1 and 5 confirmed that the major 
contaminant was uranium-238. Contamination was found mainly on 
surfaces inside the building. In addition, contamination in excess 
of guidelines was found in the catch basin system between Rooms 1 
and 5. This material is also contaminated with chemical 
constituents including volatiles, semi-volatiles, and priority 
pollutant metals. 

iii 
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1.0 INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 

A radiological survey performed by Argonne National Laboratory (ANL) 
established that contamination existed at the National Guard Armory 
(NGA) in Chicago, Illinois (Ref. 1). This characterization is the 
basis for its inclusion in the Formerly Utilized Sites Remedial 
Action Program ( FUSRAP). The United States Government initiated 
FUSRAP in 1974 to identify, clean up, or otherwise control sites 
where residual radioactive material (exceeding current guidelines) 
remains from the early years of the nation’s atomic energy program 
or from commercial operations that resulted in conditions Congress 
has mandated DOE to remedy. FUSRAP is under the direction of the 
DOE Division of Facility and Site Decommissioning Projects. 

FUSRAP is currently being managed by DOE Oak Ridge Operations in 
Oak Ridge, Tennessee. As the Project Management Contractor for 
FUSRAP, Bechtel National, Inc. (BNI) is responsible to DOE for 
planning, managing, and implementing FUSRAP. 

1.2 PURPOSE AND OBJECTIVES 

The current radiological characterization by BNI was necessary to 
define the locations and boundaries of the contamination identified 
in the ANL characterization, and design any necessary remedial 
action at the site. The limited chemical characterization was 
performed to determine health and safety requirements during 
remedial action and to identify any disposal restrictions for the 
contamination identified by the ANL and BNI characterization. BNI 

and its radiological subcontractor, Therm0 Analytical/Eberline 
(TMA/E), performed the characterization in 1987. 
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1.3 SUMMARY 

This report describes the procedures and results of the radiological 
and limited chemical characterization conducted during January and 
February 1987 at the NGA. 

Characterization activities included a review of historical data, a 
walkover tour of the property to identify significant features of 
the building and grounds, exterior gamma surveys, exterior surface 
and subsurface soil sampling, interior surface surveys, and interior 
subsurface surveys. 

Measurements taken during the 1987 radiological characterization 
indicate that numerous isolated areas on building surfaces are 
contaminated in excess of current guidelines, and that uranium-238 
is the primary contaminant. An analysis of sludge samples collected 
from the catch basin system between Rooms 1 and 5 also confirmed 
that the major contaminant was uranium-238. This sludge is also 
contaminated with chemical constituents including volatiles, 
semi-volatiles, and priority pollutant metals. 

.- 
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2.0 SITE DESCRIPTION AND HISTORY 

_L_ 

2.1 LOCATION AND DESCRIPTION 

The National Guard Armory (NGA) site is located at East 52nd Street 
and Cottage Grove Avenue approximately 6 miles south of the downtown 
business district of Chicago, Illinois. The location of the site is 
shown in Figure 2-l. The site is an active facility presently 
occupied by the Illinois National Guard, 1st Battalion, 178th 
Infantry, and 2nd Battalion, 122nd Field Artillery. The NGA is a 
230- by 620-ft concrete building (approximately 290,000 ft2) with 
outer walls of stone. An arena occupies the center of the building, 
and offices, classrooms, storage areas, and garages are located on 
four floors at the north and south ends (Figure 2-2). The 230- by 

360-ft arena has a ceiling more than 100-ft high, with stadium 

.._ bleachers located on the east and west sides. Before the dirt floor 
was surfaced with concrete, the arena had been used by the cavalry 
to train horses, and later for polo (Ref. 1). .- 

2.2 SITE HISTORY 
_- 

I - ,  

-  

The NGA was used by the Manhattan Project to alleviate space 
shortages at the University of Chicago and the Metallurgical 
Laboratory (Ref. 1). Beginning in March 1942, the building was used 
jointly by the Manhattan Engineer District (MED) Metallurgical 
Laboratory and the University of Chicago. The Atomic Energy 
Commission (AEC), which succeeded the MED, terminated use of this 
facility in 1951, and the property was returned to the State of 
Illinois. 

It is suspected that the arena in the armory could have involved 
both chemical processing and metal casting of uranium. After MED 
stopped using the facility, contaminated dirt from the arena was 
removed. No record could be found of where the dirt was taken. 
Later more dirt was removed from the arena and replaced with a 
concrete pad. Conversations with personnel who worked at the 
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fac ility  revealed that there was an effort to decontaminate some of 
the bleachers in the arena. However, no reports of radiologica l 
characterizations or decontamination efforts conducted at the 
fac ility  upon termination of MED/AEC activities could be found 
(Ref. 1). 

From available correspondence, it appears that the s ite was used at 
leas t for s toring and processing uranium metal. In 1943 the 
building was the central procurement and sh ipping location for the 
Metallurgica l Laboratory, and records from 1944 indicate that 
uranium metal s toc k  was received and temporarily s tored in the 
sh ipping and receiv ing room. 

The armory s toreroom (believed to be Room 1 in the ANL report) was 
apparently used to s tore uranium shav ings  and grinding wastes, 
because at leas t one of several uranium fires  in the armory was 
reported to have occurred in the northeast corner of that room. 
That particu lar fire contaminated both the receiv ing and 
s torerooms. These areas/rooms have not been positive ly  identified 
in the his torica l data available to date: however, on the basis  of 
current radiologica l findings , these areas may have been in the 
western half of the south headhouse ground floor. 

2.3 PREVIOUS RADIOLOGICAL SURVEYS 

The NGA was shown to be radioactively contaminated during a 
radiologica l survey conducted by ANL (Ref. 1). In general, the 
areas of contamination identified during the BNI characterization 
paralleled those identified by ANL in 1983. 

2.4 PRESENT SITE CONDITIONS 

The building has remained essentially  unchanged s ince the earlier 
survey by ANL. The NGA is  currently fully  active and in operation 
24 hours a day. 

6 

II-223 
.- ..,. I ., ._ _ 



3.0 HEALTH AND SAFETY PLAN 
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BNI is responsible for protecting the health of personnel assigned 
to work at the site. As such, all subcontractors and their 
personnel are required to comply with the provisions of the 
applicable project instructions cited in this section or as directed 
by the on-site BNI representative. 

3.1 SUBCONTRACTOR TRAINING 

Before the start of work, all subcontractor personnel attend an 
orientation session presented by the BNI representative to explain 
the nature of the material to be encountered in the work and the 
required personnel monitoring and safety measures. 

3.2 SAFETY REQUIREMENTS 

Subcontractor personnel must comply with the following BNI 
requirements. 

0 Bioassay - Subcontractor personnel submit bioassay samples 
before or at the beginning of on-site activity, upon 
completion of the activity, and periodically during site 
activities as requested by BNI. 

0 Protective Clothing/Equipment - Subcontractor personnel are 
required to wear the protective clothing/equipment specified 
in the subcontract or as directed by the BNI representative. 

0 Dosimetry - Subcontractor personnel are required to wear, and 
return daily, the dosimeters and monitors issued by BNI. 

0 Controlled Area Access/Egress - Subcontractor personnel and 
equipment entering areas wherein access and egress are 
controlled for radiation and/or chemical safety purposes are 
surveyed by the BNI representative for contamination before 
leaving those areas. 

0 Medical Surveillance - Upon written direction from BNI, 
subcontractor personnel, who work in areas where hazardous 
chemicals might exist, are given a baseline and periodic 
health assessment defined in BNI's Medical Surveillance 
Program. 
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R a d i a tio n  a n d /o r  chemica l  safety su rve i l l ance  o f a l l  act iv i t ies 
re la ted  to  th e  s cope  o f wo rk  is u n d e r  th e  d i rect  superv i s ion  o f 
pe r sonne l  rep resen t i ng  B N I. 

T h e  hea l th  phys ics  r equ i r emen ts fo r  a l l  act iv i t ies invo lv ing  
rad ia t ion  o r  rad ioac t i ve  m a ter ia l  a r e  d e fin e d  in  P roject  Inst ruct ion 
N o . 2 0 .0 1 , th e  P roject  R a d i a tio n  P rotect ion M a n u a l , a n d  i m p l e m e n tin g  
p rocedures .  

T h e  indust r ia l  h yg i ene  r equ i r emen ts fo r  act iv i t ies invo lv ing  
chemica l s  o r  chemica l l y  c o n ta m i n a te d  m a ter ia ls  a r e  d e fin e d  in  
P roject  Inst ruct ion N o . 2 6 .0 0 , th e  E n v i r o n m e n ta l  Hyg i ene  M a n u a l , a n d  
i m p l e m e n tin g  p rocedures .  

Cop i es  o f th e s e  pro jec t  inst ruct ions a n d  m a n u a l s  a r e  loca ted  on-s i te  
fo r  s u b c o n tractor’s u s e . 

In  add i tio n  to  th e  s tanda rd  safety p rocedu res  add r essed  in  th e  
pro jec t  instruct ions,  add i tio na l  s i te-speci f ic  r equ i r emen ts we re  
i ssued  (Ref. 2 )  a n d  a  24 - hou r  O c c u p a tiona l  S a fe ty a n d  Hea l th  
A d m inist rat ion t ra in ing  cou rse  was  g i ven  to  a l l  pe r sonne l  w h o  wo r ked  
on-s i te.  

8  
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4.0 CHARACTERIZATION PROCEDURES 
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The radiological measurements taken and the methods used for taking 
the measurements are described in the following subsections. 

The following areas were investigated: the exterior grounds of the 

property, the interior building surfaces, subsurface soil beneath 
the arena floor, and sludges from the catch basin system serving 
Rooms 1 and 5. Additionally, any suspect area was scanned and 
sampled. 

4.1 SURFACE MEASUREMENTS TAKEN AND METHODS USED 

4.1.1 Exterior Measurements 

An initial walkover scan on the NGA property was performed using a 
Field Instrument for Detection of Low-Energy Radiation (FIDLER). 
The FIDLER is specially designed to detect the low-energy radiation, 
such as that emitted by uranium. An informal grid was plotted on 
all areas with radiation levels exceeding one and one-half times the 
background level. 

4.1.2 Interior Measurements 

The entire floor area (290,000 ft2) of the NGA was scanned using a 
FIDLER. All areas exhibiting radiation levels exceeding one and 
one-half times the background radiation level were temporarily 
marked. Within these marked areas, beta-gamma measurements were 
made to better define the horizontal boundaries of contamination. 
The beta-gamma measurements were made using a pancake geometry 
(Geiger-Muller) probe coupled to a digital rate meter/scaler 
[Eberline Instrument Corporation (EIC) models HP-210 and PRS-1, 
respectively.] Based on these measurements, contaminated areas were 
permanently marked with spray paint. To determine that the outer 
boundaries of contamination had been accurately established, both 
alpha and beta-gamma measurements were taken along the perimeter of 
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the delineated areas. Alpha measurements were made using an 
EIC AC-3 detector coupled to an EIC PRS-1 rate-meter/scaler. 

Ceilings, ledges, ventilation ducts, furniture, selected roof areas, 
and other surfaces suspected of being contaminated were surveyed for 
alpha and beta-gamma contamination. Surveys on non-floor surfaces 
were concentrated in rooms and areas where floor contamination had 
been identified. In rooms where no floor contamination was found, 
only suspect areas, such as air-moving systems and horizontal 
surfaces, were scanned. All areas identified by the ANL report were 
surveyed. 

4.2 SAMPLE COLLECTION AND ANALYSES 

4.2.1 Exterior Samples 

In areas identified during the FIDLER walkover scan as having 
readings in excess of one and one-half times the background 
radiation level, surface and subsurface soil samples were collected 
to quantify radionuclide concentrations. All soil samples were 
analyzed using a GeLi (germanium lithium) gamma spectroscopy system 
for concentrations of uranium-238, radium-226, and thorium-232. 
GeLi spectroscopy involves counting each sample for 10 minutes using 
an intrinsic germanium detector housed in a lead counting cave lined 
with cadmium and copper. The pulse height distribution was sorted 
using a computer-based, multi-channel analyzer. Radionuclide 
concentrations were determined by comparing the gamma spectrum of 
each sample with the spectrum of a certified counting standard for 
the radionuclide of interest. 

4.2.2 Interior Samples 

Samples collected consisted of smear (or wipe) samples, a sample of 
caulk from an expansion joint in the floor of Room 1, soil samples 
from beneath the arena floor, brick and floor tile samples, and 
sludge samples from the catch basin system in Rooms 1 and 5. 
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S m e a r  samp les  we re  ta k e n  to  d e te rm ine  if th e  c o n ta m i n a tio n  was  
r emovab l e . S m e a r  samp les  a re  ta k e n  by  “w ip i ng” a n  a r ea  o f 
app r ox ima te ly  1 0 0  c m 2  wi th smea r  p a p e r  in  a  Z - shaped  p a ttern.  T h e  
smea r  is th e n  c o u n te d  in  a  l ow -backg round  a l p h a  scint i l lat ion 
d e tector  (Ebe r l i ne  M o d e l  S A C - 4 1  to  d e te rm ine  th e  g ross  a l p h a  
activity. For  th e  pu rposes  o f th is  character izat ion,  a l l  obse r ved  
a l p h a  activity o n  th e  smea rs  was  a s s u m e d  to  a r i se  f rom u r a n i u m  
c o n ta m i n a tio n . 

O n e  s a m p l e  o f a  cau lk - type e xpans i on  jo int  was  co l lec ted  to  
d e te rm ine  h o w  d e e p  c o n ta m i n a tio n  h a d  p e n e trated in to th e  jo int  a n d  
to  cor re la te  c o u n ts pe r  m inu te  ( cpm)  to  p icocur ies  pe r  g r a m  

(pCi/g).  T h e  s a m p l e  was  ana l y zed  fo r  u r a n i u m - 2 3 8 , r ad i um-226 , a n d  
tho r i um-232  us i ng  G e L i  spec t roscopy.  

B e c a u s e  th e  a r e n a  floo r  was  dirt w h e n  th e  u r a n i u m  p rocess ing  
occur red ,  e i gh t bo reho l es  we re  dr i l led  in to th e  s u b floo r  b e n e a th  th e  
concre te  floor ,  a n d  e a c h  ho l e  was  c o n tinuous l y  s a m p l e d . B o r e h o l e  
loca t ions  a re  s h o w n  in  F igu re  4-l.  A d d i tiona l ly ,  two bo reho l es  we re  
dr i l led  in  th e  s o u th e a s t co rne r  o f R o o m  1  to  d e te rm ine  if 
c o n ta m i n a tio n  e x t ended  b e l o w  th e  concre te  s lab  i n  th a t r o o m . A ll 
so i l  s amp les  we re  ana l y zed  fo r  u r a n i u m - 2 3 8 , r ad i um-226 , a n d  
tho r i um-232  us i ng  G e L i  spec t roscopy.  

Du r i ng  th e  cou rse  o f th e  character izat ion,  e leva ted  rad ia t ion  leve ls  
we re  d e tec ted  a r o u n d  s o m e  o f th e  bu i l d i ng  m a ter ia ls  (br icks a n d  
t i les) in  th e  a rmory .  To  d e te rm ine  th e  rad ionuc l i des  p r e sen t in  
th e s e  m a ter ia ls,  s amp les  we re  co l lected,  pu lver ized ,  a n d  ana l y zed  
fo r  u r a n i u m - 2 3 8 , r ad i um-226 , a n d  tho r i um-232  us i ng  G e L i  spec t roscopy.  

A c tin g  o n  th e  in fo rmat ion  p rov i ded  by  th e  A N L  character izat ion,  
samp les  o f th e  s l udge  in  th e  ca tch  bas ins  in  R o o m s  1  a n d  5  we re  
co l lected.  T h e  catch  bas i n  system is s h o w n  in  F igu re  4-2.  S a m p l e s  
we re  co l lec ted  f rom al l  ca tch  bas ins  e x cep t C a tch Bas i n  5 , wh i ch  was  
sea led .  T w o  o f th r ee  g r ease  t raps we re  a l so  s a m p l e d  ( the th i rd  
g r ease  t rap a l so  b e i n g  sea led) .  O n e  catch  bas i n  d o w n s t ream o f a l l  
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th e  o the r  bas ins  a n d  g r ease  t raps a n d  o u ts ide o f th e  bu i l d i ng  a l so  
was  s a m p l e d . Sc rap i ngs  o f th e  ca tch  bas i n  wa l ls  we re  a l so  
co l lected.  A ll s amp les  we re  ana l y zed  by  G e L i  spec t romet ry  fo r  
u r a n i u m - 2 3 8 , r ad i um-226 , a n d  tho r i um-232 . T h e  s l udge  samp les  we re  
a l so  ana l y zed  fo r  va r ious  haza r dous  was te  const i tuents.  T h e  
p rocedu res  u s e d  to  chemica l l y  s a m p l e  th e  s ludge ,  as  we l l  a s  th e  
resul ts  o f th e  chemica l  ana lys is ,  a r e  c o n ta i n e d  in  A p p e n d i x  A . 
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5.0 CHARACTERIZATION RESULTS 

5.1 REMEDIAL ACTION GUIDELINES 
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- Use of the "less than" ( c ) notation in reporting results indicates 
that the radionuclide was not present in concentrations that are 
quantitative with the instruments and techniques used. The less 
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than value represents the lower bound of the quantitative capacity 
of the instrument and technique used and is based on various 
factors, including the volume, size, and weight of the sample; the 
type of detector used; the counting time, and the background count 
rate. The actual concentration of the radionuclide is less than the 
value indicated. In addition, since radioactive decay is a random 
process, a correlation between the rate of disintegration and a 
given radionuclide concentration cannot be precisely established. 
For this reason, the exact concentration of the radionuclide cannot 
be determined. As such, each value that can be quantitatively 
determined has an associated uncertainty term (21, which represents 
the amount by which the actual concentration can be expected to 
differ from the value given in the table. The uncertainty term has 

,I an associated confidence level of 95 percent. 

The DOE guidelines for residual contamination are summarized in 
Table 5-l. DOE developed these guidelines to be consistent with the 
guidelines established by the Environmental Protection Agency (EPA) 
for the Uranium Mill Tailings Remedial Action Program. 

5.2 BACKGROUND RADIATION MEASUREMENTS 

Surface gamma radiation was measured using a FIDLER (see 
Subsection 4.1.2). Surface beta-gamma radiation levels were 
measured with an HP-210 (see Subsection 4.1.2). Measurements were 
taken at five exterior background locations in the NGA area 
(Figure 5-l). The average surface gamma radiation level was 
approximately 8,500 cpm, and beta-gamma radiation levels at the 
ground surface averaged approximately 0.03 mrad/h. Individual 
background measurements are listed in Table 5-2. 
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The average background concentrations measured in the surface soil 
at the five background locations were less than 5.0 pCi/g for 
uranium-238, 1.0 pCi/g for radium-226, and 1.2 pCi/g for 
thorium-232. The analysis results for each background location are 
listed in Table 5-2. 

5.3 EXTERIOR SURVEY RESULTS 

..- 

, -  

. -  

“- 

The FIDLER survey of the grounds of the NGA identified three areas 
of elevated gamma activity. Figure 5-2 shows these general areas. 

Area 1 was adjacent to the south end of the armory and abutted the 
building at a point which appeared to be a bricked-over vehicle 
entrance. The area was roughly rectangular and measured 
approximately 20 by JO ft. Soil samples were collected from the 
area with elevated measurements and the adjacent areas. Surf ace 
(0 to 6 in.) and subsurface soil samples (6 to 12 in.) were 
collected from 36 locations. Two locations were augered and sampled 
to a depth of 5 ft. While a few of the samples exceed the 
guidelines when both the radium-226 and thorium-232 concentrations 
are considered, the ratios of radionuclides present in the samples 
indicate that the elevated concentrations are the result of 
naturally occurring material. The observed ratios and 
concentrations are typical of those found in cinder; ‘observations by 
the field characterization team on the composition of the samples 
confirm this indication. 

The maximum concentration detected for both radium-226 and 
thorium-232 was 5 pCi/g. No uranium-238 concentrations above the 
minimum detectable amount were detected. Table 5-3 gives the 
results of the soil sample analysis. 

The second area with an elevated level of radioactivity identified 
during the FIDLER survey was approximately circular with a diameter 
of approximately 4 ft. Area 2 is located outside the west wall of 
Room 1. Surface and subsurface soil samples were collected. During 
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s a m p l e  c o l l e c ti o n , a  c o m p a s s  w i th  a  ra d i u m  d i a l  w a s  d i s c o v e re d  a n d  
re m o v e d . T h e  s u b s u rfa c e  s o i l  s a m p l e  s h o w e d  a  m a x i m u m  ra d i u m -2 2 6  
c o n c e n tra ti o n  o f 3 6 0  p C i /g . N e i th e r u ra n i u m -2 3 8  n o r th o ri u m -2 3 2  w a s  
p re s e n t i n  d e te c ta b l e  a m o u n ts . T a b l e  5 -3  g i v e s  th e  re s u l ts  o f th e  
s o i l  s a m p l e  a n a l y s i s . B e c a u s e  th e  a re a  o f th e  c o n ta m i n a ti o n  w a s  
s m a l l , i t w a s  d e c o n ta m i n a te d , a n d  p o s t-re m e d i a l  a c ti o n  s a m p l e s  w e re  
c o l l e c te d . T h e  re s u l ts  o f th e  a n a l y s i s  o f th e s e  s a m p l e s  w i l l  b e  
re p o rte d  i n  th e  p o s t-re m e d i a l  a c ti o n  re p o rt fo r th e  N G A . 

A  th i rd  a re a , a l o n g  th e  o u ts i d e  w e s t w a l l  o f th e  g a ra g e  a re a  
(R o o m  2 ), fo u n d  b y  th e  F ID L E R  s u rv e y  w a s  a l s o  s m a l l  a n d  m e a s u re d  
a p p ro x i m a te l y  4  ft i n  l e n g th . T w o  s u rfa c e  s o i l  s a m p l e s  w e re  
c o l l e c te d  fro m  A re a  2 . B o th  s h o w e d  e l e v a te d  c o n c e n tra ti o n s  o f 
u ra n i u m -2 3 8  (4 9  a n d  4 8  p C i /g ) (R e f. 3 ); ra d i u m -2 2 6  a n d  th o ri u m -2 3 2  
c o n c e n tra ti o n s  w e re  a t th e  b a c k g ro u n d  l e v e l . T a b l e  5 -3  g i v e s  th e  

a n a l y s i s  re s u l ts , w h i c h  s h o w  th e s e  c o n c e n tra ti o n s  d o  n o t e x c e e d  
re m e d i a l  a c ti o n  g u i d e l i n e s  (R e f. 4 ). 

5 .4  IN T E R IO R  S U R V E Y  R E S U L T S  

F i g u re s  5 -3  a n d  5 -4  i l l u s tra te  th e  fl o o r p l a n s  o f th e  fi rs t a n d  
s e c o n d  fl o o r i n  th e  s o u th  h e a d h o u s e . F i g u re s  5 -5  th ro u g h  5 -2 3  s h o w  
th e  a re a s  o f c o n ta m i n a ti o n  a n d  g i v e  th e  ra n g e  o f a b s o rb e d  d o s e  ra te s  
m e a s u re d  a t e a c h  o f th e  c o n ta m i n a te d  a re a s . W h e re  o n l y  o n e  
m e a s u re m e n t i s  g i v e n , o n l y  o n e  m e a s u re m e n t w a s  ta k e n . 

5 .4 .1  F l o o r S u rv e y  

A s  p re v i o u s l y  s ta te d , a l l  fl o o rs  w e re  s c a n n e d  w i th  th e  F ID L E R  to  
i d e n ti fy  g e n e ra l  a re a s  o f c o n c e rn . T h e s e  a re a s  w e re  re c h e c k e d  w i th  
b e ta -g a m m a  a n d  a l p h a  s u rv e y  i n s tru m e n ts  to  d e fi n e  m o re  p re c i s e l y  th e  
b o u n d a ri e s  o f c o n ta m i n a ti o n . W i th i n  th e  c o n ta m i n a te d  a re a s , a  s m e a r 
s u rv e y  w a s  p e rfo rm e d  to  d e te rm i n e  i f th e  ra d i o a c ti v e  m a te ri a l s  w e re  
re m o v a b l e . F o r th e  fl o o r a re a s , th e s e  s u rv e y s  s h o w e d  th a t v i rtu a l l y  
a l l  o f th e  c o n ta m i n a ti o n  w a s  fi x e d  a n d  n o t tra n s fe ra b l e . T o  
d o c u m e n t th e  e x te n t o f c o n ta m i n a ti o n , th e  i d e n ti fi e d  a re a s  w e re  
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sp ray  pa i n te d  to  ma r k  th e  a reas  fo r  s u b s e q u e n t r emed ia l  act ion.  To  
ensu re  th a t th e  bounda r i e s  o f c o n ta m i n a tio n  we re  accura te ly  
i d en tifie d , d i rect  m e a s u r e m e n t a n d  smea r  su rveys  we re  pe r f o rmed  a t 
va r ious  po i n ts su r r ound i ng  th e  m a r k e d  a r ea . T h e  loca t ions  a t wh i ch  
th e s e  m e a s u r e m e n ts we re  m a d e  a re  s h o w n  in  th e  figures .  T h e  g ross  
a l p h a  m e a s u r e m e n ts f rom th e  smea r  su rvey  a re  p r e sen te d  in  Tab l e  5-4,  
a n d  a re  i den tifie d  by  th e  s a m p l e  n u m b e r s  g i ven  in  th e  figures .  

E x p a n s i o n  jo ints a n d  cracks we re  o fte n  i den tifie d  as  c o n ta m i n a te d  
f rom di rect  m e a s u r e m e n t read ings .  To  d e te rm ine  p icocur ies  pe r  g r a m  
(pCi /g)  fo r  th e s e  a reas ,  o n e  s a m p l e  o f th e  cau lk- l i ke  m a ter ia l  in  
th e  e xpans i on  jo int  was  ana lyzed .  Th is  ana lys is  i nd ica ted  a  
u r a n i u m - 2 3 8  c o n c e n trat ion o f app r ox ima te ly  2 ,6 0 0  pCi /g  a n d  a  
r ad i um-226  c o n c e n trat ion o f 2  pCi/g.  T h e  c o n c e n trat ion fo r  
th o r i um-232  was  repo r ted  as  less  th a n  d e tectab le .  

5 .4 .2  W a ll a n d  Ce i l i ng  Su r vey  

Su rveys  o f th e  wal ls  a n d  ce i l ings  we re  c o n d u c te d  in  r ooms  w h e r e  
floo r  c o n ta m i n a tio n  was  fo u n d  o r  w h e r e  th e  A N L  repor t  h a d  i den tifie d  
c o n ta m i n a tio n . In  o the r  r ooms , s p o t checks  we re  m a d e  o f s o m e  o f th e  
wal ls  a n d /o r  ce i l ings.  A reas  o f c o n ta m i n a tio n  we re  m a r k e d  a n d  
d o c u m e n te d  as  desc r i bed  in  S u b s e c tio n  5 .4 .1 , a n d  a re  s h o w n  in  th e  
figures .  M e a s u r e m e n ts f rom th e  smea r  su rvey  a re  repo r ted  in  
Tab l e  5-4.  

Du r i ng  th e  cou rse  o f th e  wa l l  surveys,  it was  n o t iced th a t e leva ted  
rad ia t ion  leve ls  co r r e sponded  to  cer ta in  types o f br ick. To  
d e te rm ine  if th e  e leva ted  r ead i ngs  we re  b e i n g  c a u s e d  by  u r a n i u m - 2 3 8 , 
samp les  o f th r ee  di f ferent  types o f br ick  we re  co l lected:  whi te,  
red,  a n d  ye l low.  E a c h  was  ana l y zed  fo r  u r a n i u m - 2 3 8 , r ad i um-226 , a n d  
tho r i um-232 . C o n c e n trat ions a re  g i ven  in  Tab l e  5-5.  

5 .4 .3  Su r vey  o f M isce l l aneous  S u r faces  

O the r  sur faces  we re  m o n i to r ed  to  loca te  a n y  c o n ta m i n a tio n . These  
i nc l uded  ledges ,  co lumns ,  fa n s , v e n t i lat ion d u c ts, a n d  s o m e  roofs.  

. .--  / .  I” - -we -  
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The methodology and documentation used were those described in 
Subsection 5.4.1. Areas exceeding guidelines are shown in the 
figures: measurements from the smear survey are reported in 
Table 5-4. 

These surveys identified contamination on some columns and in 
several bolt holes in the columns. No contamination was found on 
the roofs. 

- 
5.4.4 Survey of Arena Floor Subsurface 

-. 

I. 

-. 

Eight boreholes were drilled through the arena floor (Figure 4-l) to 
determine if contamination was present below the concrete slab. Six 

of the holes were advanced to 5.5 ft, one hole to 8 ft, and one hole 
reached refusal at only 1.5 ft. Natural soil was encountered at 
depths of 3 to 3.5 ft as determined by the geologist attending the 
drilling. Two additional boreholes were drilled in the southeast 

corner of Room 1 to determine if contamination had migrated below 

the concrete slab (Figure 5-6). 

All holes were sampled in 0.5-ft increments from the concrete/soil 
interface to the bottom of the boreholes. Soil sampling results are 
provided in Table 5-6. In all samples, the uranium-238 
concentration was less than detectable; radium-226 and thorium-232 
concentrations were at background levels. Based on this sampling, 
contamination does not appear to be present under the arena floor, 
and no further action is warranted. 

5.4.5 Catch Basin Survey 

Material in each of the five accessible interior catch basins, 
two grease traps, and one exterior sediment trap (Catch Basin 7, 
Figure 4-2) was sampled. In Catch Basin 3 (see Figure 4-21, the 
material was sampled at discrete 6-in. depths. Composite samples 
were collected from all other catch basins and traps. All samples 
were analyzed for uranium-238, radium-226, and thorium-232. Results 
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are presented in Table 5-7. In all cases, uranium-238 
concentrations are elevated above background radiation levels; 
however, only the material in Catch Basin 3 exceeded remedial action 
guidelines. Concentrations ranged from less than 7 to 220 pCi/g for 
uranium-238, from 0.3 to 3 pCi/g for radium-226, and from less 
than 0.3 to less than 1 pCi/g for thorium-232. 

To determine if the walls of the catch basins were contaminated, 
scrapings of the walls were collected and analyzed. Table 5-8 shows 
the results of the analyses. Uranium-238 concentrations ranged from 
less than 22 to 16,000 pCi/g. Scrapings from Catch Basins 2, 3, and 
4 all had concentrations above the remedial action guideline for 
uranium-238. Radium-226 concentrations ranged from 2 to 4 pCi/g and 
thorium-232 ranged from less than 1 to 5 pCi/g. 

Because the presence of cesium-137 and europium-152 in some samples 
from Catch Basin 3 had been mentioned in the ANL survey report 
(Ref. 11, analyses for these radionuclides were performed on the 
three samples with the highest measured concentrations of other 
radionuclides. All analyses showed the cesium-137 and europium-152 
concentrations were either less than detectable levels or were at 
levels of less than 0.2 pCi/g. 

Samples of the sludges were also analyzed for hazardous waste 
constituents. Results of the analyses showed elevated levels of 
volatile and semi-volatile organic compounds as well as some metals 
such as lead and chromium (Ref. 5). In addition, the wastes were 
determined to be ignitable at a temperature of less than 70°F. 
These characteristics demonstrate that the sludges are hazardous 
waste. Appendix A contains a tabular summary of the sampling 
results. 

5.5 DECONTAMINATION TEST SURVEYS 

To allow remedial action planning to proceed based on the 
characterization results, additional information was needed to 
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assess  the removability  of the contamination. T W O  types O f tes ts  
were performed: one to determine the depth of fixed contamination 
and one to tes t the ease of removing transferable contamination. 

To tes t the depth of fixed contamination, an area in the mess  hall 
identified during the floor survey as having contamination in excess  
of guidelines  was se lec ted. Direc t readings were made at a 
particu lar point in the area and recorded. The designated area was 
then scabbled and remonitored. The process was repeated until the 
area conformed to applicable guidelines . Typ ica lly , the depth of 
contamination was les s  than 0.125 in. deep. 

Decontamination tes ts  were also performed on the transferable 
contamination on the ce iling of Room 1. This  was done by wiping the 
ce iling and remonitoring the c leaned area. These tes ts  showed that 
most of the contamination was easily  removed. Only  iso lated spots 
remained after the wiping. 
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TABLE 5-l 

SUt+lARY OF RESIDUAL CONTAMINATION GUIDELINES FOR THE NATIONAL GUARD ARMORY 

Paae I of 2 

BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual member of the general public is 
100 mrem/yr. 

SOIL (LAND) GUIDELINES (MAXIMUM LIMITS FOR UNRESTRICTED USE) 

Radionucl ide Soi I Conosntration (pCl/g) above backgrounda*ba c 

Rad i urn-226 
Rad i urn-228 
Thorium-230 
Thorium-232 
Urani urn-238 
Other radionucl ides 

5 pCi/g, averaged over the first I5 on of soil below 
the surf ace; 15 pCi/g when averaged over any 15-o-n- 
thick soil layer below the surface layer. 

150 pCi/g* 
Soi I guidelines wi II be calculated on a site-specific 
basis using the DOE manual developed for this use. 

STRUCTURE GUIDELINES (MAXIMUM LIMITS FOR UNRESTRICTED USE) 

Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne radon decay products shall apply to existing occupied 
or habitable structures on private property that are intended for unrestricted use; structures that 
will be demolished or buried are excluded. The applicable generic guideline (40 CFR 192) Is: In any 
occupied or habitable bul Iding, the objective of remedial action shall be, and reasonable effort shall 
be made to achieve, an annual average (or equivalent) radon decay product ancentration (including 
background) not to exceed 0.02 WL.d In any ose, the radon decay product oonentration (including 
background) shall not exceed 0.03 WL. Remedial actions are not required in order to oomply with this 
guideline when there is reasonable assurance that residual radioactive materials are not the cause. 

External Gamma Radlation 

The average level of gamma radiation inside a building or habitable structure cc a site to be released 
for unrestricted use shal I not exceed the background level by more than 20 uR/h. 

Indoor/Outdoor Structure Surf ace Contun i nat I on 
Al lowable Surfaos Residual Contaminatione 

(dpm/lOO on21 

Rad I onu cl i def Average98 h MaxImunhs i Removab leh*j 

Transurani cs, Ra-226, Ra-228, Th-230, Th-228 
Pa-231, Ac227, l-125, l-129 100 X0 23 

Th-Natura I, Th-232, Sr-90, Ra-223, Ra-224 
U-232, I-126, l-131, l-133 1,000 3,000 x)0 

*Argonne Nat i ona I Laboratory. Derivation of a Uranium Bssldual Radioactivity Guideline for the 
National Guard Armory In Chicago, I Ilinois, Chicago, IL, May 1987. 
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TABLE 5-l 

( cant i nued 1 

Indoor/Outdoor Structure Surface Contamination (continued) 
Allowable Surface Residual Contaminatione 

(dpm/lOO on21 

Rad i onu cl i def Averages’ h Maximumh* i Removableh*j 

U-Natura I, U-235, U-238, and associated decay 
produds 5,000 a 15,000 a 1,000cr 

-. 

.- 

Beta-gamma emitters (radionucl ides with decay 
modes other than alpha emission or spontaneous 
fission) exoept Sr-90 and others noted above 5,000 B-y 15,000 B-y 1,000 B-v 

*- 

.  .  .  

_a-, 

aThese gui del i nes take into account ingrowth of radium-226 from thor i urn-230 and of rad i urn-228 from 
thorium-232, and assume secular equi I ibrium. If either thorium-230 and radium-226 or thorium-232 
and radium-228 are both present, not in secular equilibrium, the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the conosntrations of individual 

radionucl ides shal 1 be reduced so that the dose for the mixtures wi I I not exoeed the basic dose 
I imit. 

bThese guidelines represent unrestricted-use residual concentrations above background averaged across 
any l5-cm-thi& layer to any depth and over any osntiguous loo-m2 surfaos area. 

qocalized concentrations in excess of these limits are allowable provided that the average over a 
I OO-m2 area is not exceeded. 

dA working level (WL) is any oanbination of short-lived radon decay products in I liter of air that 
will result in the ultimate emission of I.3 x IO5 MeV of potential alpha energy. 

eAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive 
material as determined by correcting the counts per minute observed by an appropriate detecto- for 

background, ef f i ciency, and geometric factors associated with the instrumentation. 

fWhere surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the limits 
established for alpha- and beta-gamma-emitting radionuclides should apply independently. 

gMsasurements of average antamination should not be averaged over more than I m2. For objects of 
less surface area, the average shal I be derived for each such object. 

hThe average and maximum radiation levels associated with surface contamination resulting from 
beta-gamma emitters should not exceed 0.2 mrad/h and I.0 mrad/h, respectively, at I cm. 

iTha maximun oontanination level applies to an area of not more than 100 cm2. 

jThe amount of removable radioactive material per 100 cm2 of surfaos area should be determined by 
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and measuring the 

mount of radioactive material on the wipe with an appropriate instrument of known efficiency. When 

removable contamination on objects of surface area less than 100 on2 is determined, the activity per 
unit area should be based on the actual area and the entire surface should be wiped. The numbers in 
this column are maximum mounts. 
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TABLE 5-2 
EXTERIOR BACKGROUND RADIONUCLIDE CONCENTRATIONS AND 

RADIATION LEVELS IN THE AREA OF THE NGA 
(MEASURED IN OUTSIDE AREAS) 

Surface Surface 
Gamma Beta-Gamma Radionuclide 

Measurement Radiation Radiation Concentration (pCi/q + 2 siKma> 
Locationa (cpm) (mrad/h) Uranium-238 Radium-226 Thorium-232 

lb 10000 0.03 c4.5 0.8 + 0.6 1.5 + 0.8 ,- 

2= 7000 0.02 es.0 1.1 + 0.5 <l.O 

3d 8000 0.03 c4.0 0.6 + 0.5 1.1 + 0.7 

4e 8000 0.03 <5.5 1.0 + 0.6 1.0 t 0.7 

5f 9000 0.03 <5.0 1.3 + 0.5 1.5 + 0.8 

Average 8000 0.03 <4.8 1.0 + 0.5 1.2 + 0.8 

aSee Figure 5-l. 
bLocated at the University of Chicago, south of eastbound Midway Plaisance 

approximately 120 ft west of Kenwood Street, and 5 ft south of lightpole 1317. 
=Located west of the Museum of Science and Industry, east of northbound Stony 

Island Avenue approximately S ft east of the fourth lightpole south of 57th 
Street. 

dLocated east of northbound Shore Drive, directly across from Chicago Sinai 
Congregation Synagogue, approximately 10 ft east of the shoulder of the road. 

eLocated on the east side of northbound Lake Shore Drive, 5 ft east of light- 
pole 50/11. 

fLocated near the parking lot north of the intersection of 47th Street and 
Cornell, between the parking lot and 47th Street. 
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TABLE 5-3 

EXTERIOR SUBSURFACE SOIL SAMPLING RESULTS 

AT THE NATIONAL GUARD ARMORY 

Pasre 1 of 3 

Coordinates 
E,W N,S 

Depth Concentrations (pCi/g +/- 2 sigma) 

(ft) Uranium-238 Radium-226 Thorium-232 

Area 1” 

-” 

,- 

- 

-. 

w115 
w115 
WI 15 
WI15 
WI 15 
Wll5 
W115 
WI 15 
WI15 
WI15 
WI 15 
w115 
WI15 
WI 15 
w120 
WI20 
w120 
w 1 2 0 
w120 
w120 
w120 
w120 
W12O 
w120 
w120 
w120 
w120 
w120 
W125 
w125 
W125 
W125 
w125 
W125 
w125 
W125 
WI25 
W125 
w125 
w125 
w125 
w125 
w125 

so00 
so00 
so05 
so05 
so10 
so10 
so15 
so15 
so20 
so20 
SO?‘, L LC 
so25 
so30 
so30 
so00 
so00 
so05 
so04 
so10 
so10 
so15 
so15 
so20 
so20 
SO25 
so25 
so30 
so30 
so00 
so00 
so05 
so05 
so10 
so10 
so10 
so10 
so10 
so10 
so10 
so10 
so10 
so10 
so15 

0.0-0.5 c11.0 
0.5-1.0 <?.O 
0.0-0.5 (Il.0 
0.5-1.0 ~6.0 
0.0-0.5 (5.0 
0.5-1.0 ,’ 11 $0 
0.0.-0.5 (8.0 
0.5-1.0 ~6.0 
0.0-0.5 (12.0 
0.5-1.0 (9.0 
0.0-0.5 / 14 . 0 
0.5-1.0 (7.0 
0.0-0.5 c’ 13.0 
0.5-1.0 i8.0 
0. o--o. 5 CR.0 
0.5-1.0 Y11.0 
0.0-0.5 ,‘6.0 
v.5-1.0 \‘ll. 0 
0.0-0.5 “12.0 
0.5-1.0 .:6.0 
0.0-0.5 iF.0 
0.5-1.0 :14.0 
0.0-0.5 ‘7.0 
0.5-1.0 (6.0 
0.0-0.5 : 1:< . 0 
0.5-1.0 (6.0 
0.0-0.5 (15.0 
0.5-1.0 ~6.0 
0.0-0.5 (7.0 
0.5-1.0 (12.0 
o-o-o.5 (7.0 
0.5-1.0 <14.0 
0.0-0.5 c9.0 
0.5-1.0 (8.0 
1.0-1.5 c11.0 
1.5-2.0 <6.0 
2.0-2.5 (6.0 
2.5-3.0 (9.0 
3.0-3.5 <5.0 
3.5-4.0 <6.0 
4.0-4.5 c4.0 
4.5-5-o <3.0 
0.0-0.5 ~8.0 
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0.8 + 0.5 
1.3 + 0.7 
1.3 + 0.7 

(1.0 
1.6 L 0.6 
1.0 2 0.6 
1.3 - 0.7 
1.6 z 0.7 
1.5 2 0.8 
3.3 2 0.9 
1.5 2 0.8 
2.3 A 0.8 
2.4 ; 0.8 
2.7 t 0.8 
1.0 -I 0.5 

x-0 
:l.O 

2.0 t 0.7 
0.9 " 0.5 
I . 1 ” 0.5 
C. 4 c, J 0.7 
1.1 z 0.5 
2. 2 i 0.7 
2.3 ; 0.7 
2.7 + 0.8 
1.5 2 0.6 
2.6 + 1.0 
2.7 T 0.8 
2.1 5 0.8 
2.6 T 0.9 
1.5 T 0.8 
1.6 + 0.7 
3.1 z 0.9 
5.0 + 1.0 
1.7 T 0.7 
1.8 + 0.6 
1.3 + 0.6 

x-0 
0.5 + 0.4 
0.8 r 0.4 
0.7 + 0.4 
0.7 T 0.4 
2.4 E 0.9 

<l.O 
1.1 + 0.8 

/CO 
(1.0 

0.9 2 0.6 
0.9 + 0.6 
1.2 t 0.8 
1.8 T 0.8 

X0 
2.0 - 1.0 

’ 1 :o 
1 .2 - 0.8 

,ITO 
’ 0 7 1.0 L. 
0.6 : 0.6 

XT0 
0.8 “- 0.6 
2.0 5 1.0 
1 .2 .A. 0 . f! 
0.9 ; 0.7 
1.0 2 0.7 

Cl.0 
Cl.0 

1.1 + 0.R 
-ITO 
<: 1 . 0 

3.0 2 1.0 
Cl.0 

1.2 + 1.1) 
1.3 + 1.2 
2.0.; 1.0 

<1:0 
3.0 L 1.0 
2.0 + 1.0 

Cl.0 
1.3 + 0.7 
0.9 + 0.8 

Cl -0 
0.8 + 0.6 
0.7 + 0.5 
0.6 + 0.4 
0.7 + 0.5 
3.0 t 1.0 
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Coordinates Depth Concentrations (pCi/g +/- 2 sigma) 
E,W N,S (ft > Uranium-238 Radium-226 Thorium-232 

w125 
w125 
W125 
W125 
W125 
W125 
w125 
w125 
w125 
w 1 2 .!I 
W125 
w125 
W125 
w125 
w125 
w130 
w130 
w130 
w130 
w130 
w130 
w130 
w130 
WI30 
w130 
WI30 
W130 
w130 
w130 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 
w135 

so15 
so20 
so20 
so20 
so20 
so20 
so20 
so20 
so"0 
so20 
so,?0 
SO25 
SO25 
so30 
so:30 
so00 
so00 
s 0 I! .!-I 
so05 
so10 
SO10 
so15 
so15 
5 0 '-' 0 . - 
s 0 2 n 
SO"5 u. 
SOL"5 
so30 
so30 
so00 
so00 
so05 
5005 
so10 
so10 
so15 
so15 
so20 
so20 
so25 
so35 
so50 
5030 

0.5-1.0 
0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5-2.0 
2.0-2.5 
2.5-3.0 
3.0-3.5 
:3.5-3.0 
4.0.-4.5 
4.5-5.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0.-0.5 
0.5-1.0 
0. o--o. 5 
0 5-l. 0 
0 : ‘n--o. 5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5.-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5-1.0 
0.0-0.5 
0.5--1.0 

(7.0 
(12.0 
<15-o 

(8.0 
(5.0 

(10.0 
(6.0 

s,lO.O 
(10.0 

,9.0 
.e. 0 
cu. 0 

(14.0 
,' 8 . 0 
:7.0 
11.0 

111.0 
‘14.0 

‘9.C 
mi 

‘10.0 
” 1 4 . 0 
C15.0 

13 . 0 
F10.0 

,'8.0 
:1:3.0 

10.0 
.:7.0 

c11.0 
<lo.0 
(12.0 
(13.0 

i 7 . 0 
(13.0 

<?.O 
(13.0 

<8.0 
<14.0 

<9.0 
(14.0 

t'6.0 
(14.0 

2.0 2 0.8 
5.0 + 1.0 
4.0 + 1.0 
3.8 T 0.9 
1.0 z 0.5 
0.8 2 0.5 
0.6 + 0.5 
0.6 2 0.4 

(’ 1.0 
0.t; 1 0.3 

:J.O 
1.1 ; 0.7 
3.6 2 0.9 
2. 1 5 0.8 
0.8 it_ 0.5 
1.3 4 0.6 
0.9 ; 0.6 
4.0 -1. 1.0 
9 3 i 0.8 
‘; * ; I- (, . fj 
3:o ; 1.P 
3.1 f 0.14 
4.0 2 1.0 
2.8 2 0.9 
4.0 f 1.0 
2.5 r 0.9 
h . 2 3 + 0.9 
2.1 r 0.8 
1.3 + 0.7 
1.6 T 0.8 

<co 
1.5 + 0.7 
1.2 t 0.6 
1.9 + 0.7 
1.8 t 0.7 
2.8 + 0.9 
3.0 : 1.0 
3.3 5 0.9 
3.0 T 1.0 
2.0 + 1.0 
3.0 5 1.0 
1.0 + 0.7 
4.0 E 1.0 

2.0 + 1.0 
2.0 - 1.0 
3.0 + 2.0 
2.0 + 1.0 
1.2 + 0.7 

x-0 
1.0 + 0.1; 
1.0 z f?.G 

’ I,0 
0.9 * 0.5 

/I Y-0 
1.0 

2.0 - 1.0 
2.0 - I.(! 
1.4 ” 0.8 

1 . 0 
0.8 + C.R 
1.(! T 2.0 
2.0 i 1.0 
r? . (! : 1.1, 
‘7 Cl - 
L . 

1 P 
. ITO 

5.0 z 2.0 
2.0 1_ 1.0 
2.0 2 I.0 
2.0 -L 1.0 
3.0 - 1.0 
2.0 ; 1.0 
1.2 + 0.9 

x0 
1.8 + 0.7 
1.6 + 0.9 

<1-o 
1.6 + 0.9 

(1.0 
1.1 + 0.9 
3.0 + 1.0 

,: l-I-0 
5.0 + 2.0 

‘1.0 
2.0 + 1.0 

‘: 1 : 0 
: 1 0 . 
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TABLE 5-3 

(Continued! 

ra_f;e 3 of 3 .p--.p- - --.-~ ------- 

Coordinates Depth Concentrations (pCi./jZ +/- 2 sigma) 
E,W N,S (ft) Uranium-238 Radium-226 Thorium-232 

A r e a 2 " ~__ 

W263 N151 0.0-0.5 
W263 N151 0.5-1.0 

A r e a 3 7t 

w295 NO13 0.0-0.5 
w297 NO08 o.o- 0.5 

_______ -- ..---- -.. __. ..-- 

;?See Figure 5-2. 

:7.0 1.0 2 0.5 Cl.0 
<42.0 360.0 ~10.0 (4.0 

38.0 +ll.O 0.7 2. 0.5 1.6 + 0.9 
49.0 z10.0 1.1 2 0.7 / 1-.-o 

__-_--------- _I___~. --_--_.-.--_-_ . 

,- 
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TABLE 5-4 
GROSS ALPHA CONTAMINATION FROM THE WIPE SAMPLES 

AT THE NATIONAL GUARD ARMORY 

Location Sample 
Corresponding Gross Alpha 

Figure dpm/lOO cm2 

. ..I 

XI  

Y..” 

-.. 

+“a.. 

Rooms S201/202 0001 5-19 
Rooms S201/202 0002 5-19 
Rooms S201/202 0003 5-19 
Rooms S201/202 0004 5-19 
Rooms S201/202 0005 5-19 
Rooms S201/202 0006 5-19 
Rooms S201/202 0007 5-19 
Rooms S201/202 0008 5-19 
Rooms S201/202 0009 5-19 
Rooms S201/202 0010 5-19 
Rooms S201/202 0011 5-19 
Rooms S201/202 0012 5-19 
Rooms S201/202 0013 5-19 
Rooms S201/202 0014 5-19 
Rooms S201/202 0015 5-19 
Room 1 0016 5-6 
Room 1 0017 5-6 
Room 1 0018 5-6 
Room 1 0019 5-6 
Room 1 0020 5-6 
Room 1 0021 5-6 
Room 1 0022 5-6 
Room 1 0023 5-6 
Room 1 0024 5-6 
Room 1 0025 5-6 
Room 1 0026 5-6 
Room 1 0027 5-6 
Room 1 0028 5-6 
Room 1 0029 5-8 
Room 1 0030 5-8 
Room 1 0031 5-8 
Room 1 0032 5-8 
Room 1 0033 5-8 
Room 1 0034 5-11 
Room 1 0035 5-11 
Room 1 0036 5-11 
Room 1 0037 5-13 
Room 1 0038 5-13 
Room 1 0039 5-11 
Room 1 0040 5-11 
Room 1 0041 5-11 
Room 1 0042 5-6 
Room 1 0043 5-6 

<1 
<l 
<l 
<l 
<1 
<l 
<1 

151 
121 

<1 
<l 
<l 
<1 
<1 
<1 

221 
8+2 
752 
2Ll 
2+1 
722 
852 

43 2 6 
622 
2+1 
2+1 
l+l 
121 
l&l 
2+1 
251 
221 
352 
1+1 

<l 
<1 

2+1 
4&2 
3-l 
4+2 
221 
2+1 
7&2 
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TABLE 5-4 
(continued) 

Paqe 2 of 8 

Location Sample 
Corresponding Gross Alpha 

Figure* dpm/lOO cm2 

Room 1 
Room 1 
Room 1A 
Room 1A 
Room 1A 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Rooms S201/202 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 
Room 5B 

2+1 
121 

<1 
<1 
<1 

1300 + 30 
4500 + 50 
4940 + 60 

656 of_ 20 
<1 
<l 
<1 

121 
<1 
<l 
<l 

121 
Cl 
<1 
<l 
<l 
<l 
<l 
Cl 
-cl 
<l 

552 
<1 
<l 
<l 
<l 
cl 
Cl 
<1 
<l 
<1 
<1 
<1 
<l 
<l 

121 
cl 
<1 
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TABLE 5-4 
(continued) 

Location Sample 
Corresponding Gross Alpha 

Figure dpm/lOO cm2 

Room 5B 0087 5-18 
Room 5B 0088 5-18 
Room 5B 0089 5-18 
Room 1 0090 5-13 
Room 1 0091 5-13 
Room 1 0092 5-13 
Room 1 0093 5-13 
Room 1 0094 5-13 
Room 1 0095 5-5 
Room 1 0096 5-5 
Room 1 0097 5-5 
Room 1E 0098 5-16 
Room 1E 0099 5-16 
Room 1E 0100 5-16 
Room 1E 0101 5-16 
Room 1E 0102 5-16 
Room S212 0103 5-20 
Room S212 0104 5-20 
Room S212 0105 5-20 
Room S250 0106 5-22 
Room S250 0107 5-22 
Room S250 0108 5-22 
Room S250 0109 5-22 
Room 1 0110 5-6 
Room 1 0111 5-6 
Room 1 0112 5-6 
Room 1 0113 5-6 
Room 1 0114 5-6 
Room 1 0115 5-6 
Room 1 0116 5-8 
Room 1 0117 5-8 
Room 1 0118 5-8 
Room 1 0119 5-8 
Room 1 0120 5-9 
Room 1 0121 5-9 
Room 1 0122 5-9 
Room 1 0123 5-10 
Room 1 0124 5-10 
Room 1 0125 5-10 
Room 1 0126 5-9 
Room 1 0127 5-9 
Room 1 0128 5-9 
Room 1 0129 5-10 

<l 
<1 
<1 

l+l 
-cl 

3&2 
<1 
<1 

151 
221 

<l 
<1 
<l 
<1 
<1 
<1 

18 + 3 
48 5 6 
57 2 6 

221 
<l 
<l 
<1 

8+2 
422 

<1 
121 

<1 
3+1 
l+l 
l-+1 
422 

<l 
Cl 

3+1 
<1 
<1 
<l 

221 
4+2 
4+2 
9+3 

30 + 4 
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TABLE 5-4 
(continued) 

Location Sample 
Corresponding Gross Alpha 

Figure* dpm/lOO cm2 

Room 1 0173 
Room 1 0174 
Room 1 0175 
Room 1 0176 
Room 1 0177 
Room 1 0178 
Room 1 0179 
Room 1 0180 
Room 1 0181 
Room 1 0182 
Room 1 0183 
Room 1 0184 
Room 1 0185 
Room 1 0186 
Room 1 0187 
Room 1 0188 
Room 1 0189 
Room 1 0190 
Room 1 0191 
Room 1 0192 
Room 1 0193 
Room 1 0194 
Room 1 0195 
Room 1 0196 
Room 1 0197 
Room 1 0198 
Room 1 0199 
Room 1 0200 
Room 1 0201 
Room 1 0202 
Room 1 0203 
Room 1 0204 
Room 1 0205 
Room 1 0206 
Room 1 0207 
Room 1 0208 
Room 1 0209 
Room 1 0210 
Room 1 0211 
Room 1 0212 
Room 1 0213 
Room 1 0214 
Room 1 0215 

55 
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5-11 
5-13 
5-13 
5-13 
5-13 
5-13 
5-13 
5-13 
5-13 
5-13 
5-14 
5-14 
5-14 
5-14 
5-13 
5-13 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

It1 
2+ 1 

<l 
l&l 

cl 
<l 

121 
151 
151 
321 

<l 
<l 

l&l 
151 
32 1 

<1 
<1 
<1 
<l 
<l 

121 
<l 
<l 
<I 
<l 
<l 
<1 

25 + 4 
<1 
<l 

128 + 9 
27 + 4 
35 + 5 
41 + 5 
29 + 4 
86 + 7 
21 + 4 
35 + 5 
90 + 8 
33 + 5 
39 + 5 
65 + 6 
36 + 5 



TABLE 5-4 
(continued) 

.I 

Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 

em" Room 1 
Room 1 
Room 1 
Room 1 -* Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room 1 
Room S212 
Room S250 
Room 5215 
Room 1 

Location Sample 
Corresponding Gross Alpha 

Figure* dpm/lOO cm2 

0216 C 
0217 C 
0218 C 
0219 C 
0220 C 
0221 C 
0222 C 
0223 C 
0224 C 
0225 C 
0226 C 
0227 C 
0228 C 
0229 C 
0230 C 
0231 C 
0232 C 
0233 C 
0234 C 
0235 C 
0236 C 
0237 C 
0238 C 
0239 C 
0240 C 
0241 C 
0242 C 
0243 C 
0244 C 
0245 C 
0246 C 
0247 C 
0248 C 
0249 C 
0250 C 
0251 C 
0252 C 
0253 C 
0254 C 
0256 C 
0257 C 
0258 C 
0259 C 

58 + 6 
33 + 5 
28 + 4 
43 + 5 
58 of 6 

111 + 8 
47 + 6 
34 5 5 
42 + 5 
30 + 4 
20 + 4 
46 + 5 
28 -, 4 
50 + 6 
28 + 4 
23 + 4 
42 + 5 
56 2 6 
23 + 4 
24 2 4 
38 2 5 
83 +. 7 
44 + 5 

<l 
121 

<1 
l-cl 

<1 
<1 

121 
<1 
<l 
<l 
<l 
<l 

192 + 24 
584 + 19 

422 
41 + 5 

<l 
l+l 

<l 
<l 
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TABLE 5-4 
(continued) 

Page 7 of 8 

Location Sample 
Corresponding Gross Alpha 

Figure* dpm/lOO cm2 

Room 1 0260 
Room 5B 0261 
Room 5B 0262 
Room 5 0263 
Room 5 0264 
Room S244 0265 
Room S212 0266 
Room S212 0267 
Arena Hall 0268 
Arena Hall 0269 
Arena Hall 0270 
Arena Hall 0271 
East Arena Hall 0272 
East Arena Hall 0273 
East Arena Hall 0274 
East Arena Hall 0275 
Room 5 0276 
Hall/Room S215 0277 
Hall/Room S213 0278 
South Headhouse 0279 
Hall/Room S231 0280 
Room S240 0281 
Room S212 0282 
Room S212 0283 
Room S212 0284 
Room 311 0285 
Hall/Room 311 0286 
Room 401 0287 
Room 401D 0288 
Room 401 0289 
North Headhouse 0290 
Bleacher 0291 
Room S203 0292 
North Headhouse 0293 
Room 5 0294 
Room 5 0295 
Room 5 0296 
Room 5 0297 
Room 5 0298 
Room 5 0299 
Room 5 0300 
Room 5 0301 
Room 5 0302 

57 
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C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
C 
C 
C 

<l 
4+2 

Cl 
Cl 
<l 

12 f. 3 
9L2 

<l 
l+l 

<l 
<1 
<l 

l+l 
<1 
<1 

151 
<1 
<l 
<l 
<l 
<1 

151 
21 + 4 

522 
552 

<1 
<1 

322 
<1 

121 
<l 
-cl 

121 
Cl 
<l 
<l 
<l 
<1 
<l 
<l 
-Cl 
<l 

l+l 



TABLE 5-4 
(continued) 

Room 5 
Room 5 
Room 5 _.. Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 _c 
Room 5 
Room 5 
Room 5 

_.^. Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5 
Room 5H 
Room 5H 
North Headhouse 
North Headhouse 
North Headhouse 

I- 

._- 

., .- 

-r 

Page 8 of 8 

Location Sample 
Corresponding Gross Alpha 

Figure* dpm/lOO cm2 

0303 C 
0304 C 
0305 C 
0306 C 
0307 C 
0308 C 
0309 C 
0310 C 
0311 C 
0312 C 
0313 C 
0314 C 
0315 C 
0316 C 
0317 C 
0318 C 
0319 C 
0320 C 
0321 C 
0322 C 
0323 C 
0324 C 
0325 C 
0326 C 
0327 C 
0328 C 
0329 C 
0330 C 
0331 C 
0332 C 
0333 C 
0334 C 
0335 C 
0336 C 
0337 B 
0338 B 
0339 B 
0340 B 
0341 B 

<l 
<1 
cl 
<l 
<1 
<1 
<1 
<1 
<1 
<1 
<l 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

352 
4+2 

<1 
-cl 
<1 

422 
<1 
<1 
<l 
<1 
<1 
Cl 
cl 
<l 

l+l 
cl 

522 
<l 
<1 

l+l 
121 

*B indicates biased sample locations taken on horizontal surfaces 
suspected of being contaminated; C indicates samples taken from 
ceiling surfaces. The locations of these samples are not shown on 
figures. 
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TABLE 5-5 
RADIONUCLIDE CONCENTRATION IN BRICK SAMPLES 

Type of Brick 
Concentration (pCi/q L 2 sigma) 

Uranium-238 Radium-226 Thorium-232 

White 

Red 

Yellow 

11 7 + 822 221 

724 421 2+1 

<11 221 5i2 

.- As the data in Table 5-5 indicates, the radium-226 and thorium-232 
concentrations are elevated and even exceed guidelines when all 
radionuclides are considered. However, due to the ratio of the 
isotopes (elevated radium-226 and thorium-232, but only slightly 
elevated uranium-238), the elevated concentrations appear to arise 
from natural sources and are not characteristic of contamination 
which may have occurred during MED activities. 

“- 

. -  
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TABLE 5-6 
INTERIOR SUBSURFACE SOIL SAMPLlNG RESULTS 

AT THE NATIONAL GUARD ARMORY 

Pace 1 of 3 

Location 
Depth Concentrations (pCi/q + 2 sisma) 

(ft) Uranium-238 Radium-226 Thorium-232 

Arena+ 

1 0.0-0.5 <4.0 
1 0.5-1.0 <6.0 
1 1.0-1-s <lO.O 
1 1.5-2.0 <5.0 
1 2.0-2.5 <ll.O 
1 2.5-3.0 <9.0 
1 3.0-3.5 <4.0 
1 3.5-4.0 <4.0 
1 4.0-4.5 <9.0 
1 4.5-5.0 <4.0 
1 5.0-5.5 <4.0 
1 5.5-6.0 <4.0 
1 6-O-6.5 c5.0 
1 6.5-7-O <a. 0 
1 7-o-7.5 <6.0 
1 '1.5-8.0 <5.0 
2 0.0-0.5 c11.0 
2 0.5-1.0 c9.0 
2 1.0-1.5 <lO.O 
2 1.5-2.0 <6.0 
2 2-O-2.5 <ll.O 
2 2.5-3-O <5.0 
2 3-o-3.5 <5.0 
2 3.5-4.0 <lO.O 
2 4.0-4.5 <3.0 
2 4.5-5.0 <5.0 
2 5.0-5.5 <9.0 
3 0.0-o-5 <4.0 
3 0.5-1.0 <5.0 
3 1.0-1.5 <lO.O 
3 1.5-2.0 <4.0 
3 2.0-2.5 <4.0 
3 2.5-3.0 <10-o 
3 3.0-3.5 <5.0 
3 3.5-4.0 <4.0 
3 4.0-4.5 <lO.O 
3 4.5-5.0 <5.0 
3 5.0-5.5 <4.0 
4 0.0-0.5 c10.0 
4 o-5-1.0 <5.0 
4 1.0-l-5 <4.0 

<0.4 
1.0 2 0.5 

co.5 
<0.5 
co.5 
<0.4 
<O.? 
<0.4 
<0.4 

0.8 + U.3 
0.7 5 0.4 
1.2 + 0.4 

-CU.4 
0.6 + 0.5 
1.7 + 0.6 
0.9 + 0.5 
0.5 + 0.3 
l.S 2 0.6 
1.4 + 0.5 
0.4 + 0.4 

<U.5 
u.9 + 0.4 

<0.4 
<0.5 

1.0 + 0.4 
<0.3 

0.8 2 0.4 
1.4 + 0.4 
1.1 + 0.5 
0.8 + 0.4 
0.5 + 0.4 
0.5 + 0.4 

<0.4 
0.5 + 0.4 
1.0 Ifi 0.4 

CU.5 
0.7 + 0.4 
0.5 + 0.4 
1.3 + 0.6 
1.2 2 0.5 
0.6 + 0.5 

1.0 + 0.5 
0.6 + 0.5 

~0.8 
0.6 2 0.5 

<0.8 
<U.-Y 

0.9 + 0.6 
0.7 + 0.6 

co.7 
<0.4 

0.9 + 0.5 
1.0 + 0.6 

<0.5 
0.8 f_ 0.6 
0.8 + 0.7 

<cl.9 
<0.7 
<O.-l 
<0.8 

1.2 + 0.7 
<0.9 

0.8 + U.6 
0.8 + 0.5 
1.6 2 0.9 
0.9 + 0.7 
0.-i + 0.5 

<0.7 
0.9 + 0.6 
0.9 + 0.6 

<0.8 
<0.5 
<u.5 
<u.7 

0.8 + 0.6 
0.7 + 0.5 

<U.B 
<0.5 

0.7 -, 0.4 
<0.7 

1.3 2 0.6 
1.1 L 0.6 
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TABLE 5-6 
(continued) 

Location 
Depth Concentrations (pCi/q + 2 siqma) 

(ft) Uranium-238 Hadium-226 Thorium-232 

4 1.5-2.0 <ll.O 
4 2.0-2.5 <12.0 
4 2.5-3.0 <4.0 
4 3.0-3.5 <lO.U 
4 3.5-4.0 <4.0 
4 4.0-4.5 <ll.O 
4 4.5-5.0 <4.u 
4 5.0-5.5 <4.0 
5 0.0-0.5 <4-o 
5 0.5-1-o <4.0 
5 l-O-1.5 <4.0 
6 0.0-0.5 c11.0 
6 0.5-1.0 <5.0 
6 1.0-1.5 <ll.O 
6 1.5-2.0 c5.0 
6 2.0-2.5 <lO.O 
6 2.5-3.0 <5.0 
6 3.0-3.5 <9.0 
6 3.5-4.0 c4.0 
6 4.0-4.5 <4.0 
6 4.5-5.0 c10.0 
6 5.0-5.5 <9.0 
7 0.0-0.5 <4.0 
7 0.5-1.0 <6.0 
'7 1.0-1.5 c9.0 
7 1.5-2.0 <4.0 
7 2.0-2.5 <4.0 
'7 2.5-3.0 <lO.O 
7 3.0-3.5 <4.0 
7 3.5-4-U <4.0 
7 4.0-4.5 <lO.O 
'7 4.5-5.0 c4.0 
7 5.0-5.5 <9.0 
8 0.0-0.5 c4.0 
8 0.5-1.0 <9.0 
8 1.0-1.5 <4.u 
8 1.5-2.0 c9.0 
8 2.0-2.5 c4.0 
8 2.5-3.0 c4.0 
8 3.0-3.5 <lO.O 
8 3.5-4.0 <lO.O 
8 4.0-4.5 <5.0 
8 4.5-5.0 <6.0 
8 5.0-5.5 <!I. 0 

1.0 + 0.5 <0.9 
0.9 - 0.4 <0.9 
U.'7 + 0.5 0.7 L 0.5 
0.8 + 0.4 1.0 +- 0.7 
0.8 + 0.3 0.8 + 0.5 

<0.5 <0.8 
co.5 <cl.7 

0.8 + 0.3 0.8 + 0.5 
<0.4 <0.7 
cu.4 1.0 L u-5 

0.7 + 0.5 <u.5 
<0.6 CU.8 

0.6 + 0.5 <0.6 
co.5 -CU.8 

u.5 + 0.5 <0:1 
<0.5 <0.8 

0.6 + 0.4 <0.6 
0.6 L 0.3 <u.7 

<0.4 0.8 c 0.6 
cu.4 1.0 5 0.7 
co.5 <cl.8 
<0.4 <u.7 

1.0 + 0.4 1.1 + 0.6 
1.1 + 0.5 <0.6 
0.7 + 0.3 <u. -/ 
1.1 + 0.5 1.3 + u.7 
0.9 + 0.4 <0.6 

<0.5 <U.8 
<0.4 <U.5 
co.4 CU.5 
<0.5 <U.8 

0.5 + 0.4 1.0 t 0.5 
co.4 CO.'! 

1.0 + 0.5 1.1 + 0.6 
0.7 t 0.5 <0.7 
0.7 -+ 0.4 1-u + 0.7 

<0.6 -CU.8 
0.9 + 0.5 1.1 + 0.'7 

co.5 <0.5 
0.6 r- 0.5 <0.8 
0.8 + 0.5 1.2 L 0.6 
1.2 + 0.5 1.0 + 0.7 

co.4 <0.7 
<0.5 -cu.*7 
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TABLE 5-6 
(continued) 

.- 

I” Location 
Depth Concentrations (Xi/q + 2 siqma) 

(ft> Uranium-238 Radium-226 Thorium--232 

Southeast Corner of Room l* 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

10 
10 

0.0-0.5 <4.0 
0.5-1.0 <5.0 
1.0-2.0 <lO.O 
2.0-2.5 <4.0 
2.5-3.0 <ll.O 
3.0-3.5 <4.0 
3.5-4.0 c9.0 
4.0-4.5 <4.0 
4.5-5.0 <4.0 
5.0-5.5 <3.0 
0.0-o-5 9.0 + 5.0 
0.5-1-o <5.0 

0.8 + 0.6 <0.6 
0.9 + 0.5 1.6 rt 0.8 
1.1 + 0.5 <0:7 
0.7 + 0.4 1.5 2 0.8 
0.9 + 0.4 cu.9 
0.7 + 0.4 <0.7 
0.9 + 0.4 co.7 
0.5 + 0.4 1.1 2 0.6 
0.4 f_ 0.3 0.5 + 0.5 
1.0 + 0.4 0.'7 L 0.4 
0.8 2 0.4 <l.O 
0.5 2 0.5 <l.U 

+See Figure 4-l. 
*See Figure 5-6. 
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TABLE 5-7 
RADIONUCLIDE CONCENTRATIONS IN SAMPLES 

TAKEN FROM CATCH BASINS 

Catch 
Basin Concentration (pCi/q + 2 sigma) 
Number Depth (ft) Uranium-238 Radium-226 Thorium-232 

1 Composite <7 <l <1 
2 Composite 924 0.9 + 0.5 <l 
3 0.0 - 0.5 15 2 3 0.3 2 0.2 <1 
3 0.5 - 1.0 62 + 6 0.4 2 0.2 <1 
3 1.0 - 1.5 220 + 10 0.6 + 0.4 0.4 + 0.3 
4 Composite 42 L 11 1.0 of 0.6 1.1 + 0.8 
6 Composite 35 rfr 9 1.5 rt 0.6 <1 
7 Composite <6 <0.5 <0.7 

Grease Traps 
(Room 5) 
Center Composite 
North Composite 

21 + 9 
20 + 8 

co.4 
co.5 

0.9 + 0.6 
<0.8 

See Figure 4-2. 
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T A B L E  5 -8  
R A D IO N U C L IDE C O N C E N T R A T IO N S  IN S C R A P ING S  

F R O M  C A T C H  B A S IN W A L L S  

C a tch Bas i n  Concen trat ion (pCi /q +  2  s i gma)  
N u m b e r  U ran i um-238  Rad i um-226  Tho r i um-232  

1  < 2 7  4 + 2  < 3  
2  3 1 0  L  3 0  2 + 2  < 2  
3  1 6 0 0 0  +  1 0 0 0  3 2 2  Cl  
4  2 9 0  2  5 0  < 6  < 3  
6  < 2 2  3 2 2  5 2 3  

6 4  
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APPENDIX A 

SUMMARY OF THE PROCEDURES AND RESULTS OF THE 
LIMITED CHEMICAL CHARACTERIZATION AT THE NGA 

A.1 PURPOSE 

The limited chemical characterization was performed to determine 
personnel safety requirements during the characterization and 
disposal restrictions for the chemical contamination identified. 

A.2 PROCEDURE 

A representative sample was obtained from each catch basin for 
analysis. The sample consisted of four aliquots of the material in 
the catch basin, which then provided a profile of the material. The 
volume of each catch basin was noted, as well as the type of 
material, i.e., solid or liquid. Samples of the material were then 
sent to the laboratory and analyzed for hazardous waste constituents. 

A.3 RESULTS 

The results of the analysis are provided in Table A-l. Results of 
the analysis showed elevated levels of volatile and semi-volatile 
organic compounds as well as some metals such as lead and chromium. 
After reviewing the Resource Conservation and Recovery Act 
characteristics of the samples, it was determined that the waste is 
defined as hazardous because the flashpoint is less than 70°F which 
meets the criteria under the definition of ignitability in 40 CFR 
Part 261.21. 

A-l 
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TABLE A-l 
SUMMAEY OF  CHEMICAL ANALYSIS AT NGA 

Concentrations in Catch Basins  
1 2 3 4 6 

Organic  Volatiles  (pg/kg) 
Hethylene ch loride -- 
Acetone -- 
l,l-Dich loroethane -- 
l,l-Dich loroethene -- 
l,l,l-Trich loroethane -- 
Tr ich loroethane -- 
Toluene 43,000 
Ethylbenzene 31,000 
Total x y lenes  160,000 
Chloroform -- 
Benzene -- 

Organic  Semi-volatiles  (ug/kg) 
1,3-Dichlorobenzene -- 
1,4-Dichlorobenzene -- 
Naphthalene -- 
2-Hethylnaphthalene -- 
Acenaphthene -- 
Di-n-butylphthalate -- 
Bis  (2-ethylhexyl) 

phthalate -- 
Phenanthrene -- 
F luorene -- 

Acid Extractible (ug/kg) 
Phenol 1,800 

Xetals  (mg/kg) 
Lead 440 
Chromium 23 

F lashpoint (OFI c70 

40,000 
43,000 
34,000 
71,000 

410,000 
25,000 

230,000 
140,000 
730,000 

-- 
-- 

-- --  
--  --  
--  --  
--  -.- 
--  --  
--  --  

270,000 230,000 
110,000 120,000 
620,000 1,000,000 

23,000 -- 
20,000 <56,000 

<50,000 -- -- 
64,000 200,000 -- 

150,000 97,000 740,000 
210,000 140,000 1,300,000 
<50,000 -- -- 
<50,000 -- -- 

110,000 
43,000 

-- 

5,500 

1,500 
200 

<70 

54,000 
<54,000 

-- 

130,000 
-- 

<110,000 

-- 1,800 

2,300 
230 

<IO 

750 
55 

<'/o 

-- 
--  
--  
--  
--  
--  

51,000 
31,000 

200,000 
-- 
-- 

-- 
-- 
-- 

<41,000 
-- 
-- 

70,000 
-- 
-- 

1,000 

1,300 
150 

<70 

A-2 
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Exhibit II (4) - NEPA Documents 

The documents listed below fulfill NEPA requirements for the subject 
site and are included in this exhibit. 

Page 

Argonne National Laboratory. Action Description 
Memorandum, Proposed Decontamination of the National 
Guard Armory in Chicaqo, IL, Argonne, IL, March 1987. II-287 

Memorandum, J.E. Baublitz for W.R. Voigt, Jr., Director, 
Office of Remedial Action and Waste Technology, Office 
of Nuclear Energy, Department of Energy Headquarters, to 
J. LaGrone, Manager, Oak Ridge Operations Office. 
"Review of Remedial Actions at the National Guard Armory, 
Chicago, Illinois," Washington, D.C., July 27, 1987. II-307 
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ACTION DESCRIF’TION MEMORANDUM 

PROPOSED DECONTAMINATION OF THE NATIONAL GUARD ARMORY 
IN CHICAGO, ILLINOIS 

Energy and Environmental Systems Division 

1 SUMMARY OF PROPOSED ACTION 

As part of its Formerly Utilized Sites Remedial Action Program (FUSRAP), the 
U.S. Department of Energy (DOE), Oak Ridge Operations, proposes to decontaminate 
those areas of the National Guard Armory in Chicago, Illinois, that are radioactively 
contaminated as a result of programs previously conducted by the Manhattan Engineer 
District (MED) and the Atomic Energy Commission (AEC). This facility, once used for 
uranium processing, is now used for offices, classrooms, and storage and garage areas. 
The contamination associated with former MED/AEC activities consists primarily of 
small localized spots , mainly on floors (U.S. Dept. Energy 1983); the largest areas of 
surface contamination are located in Rooms 1 and 260 (mess hall) and in the drainage 
system for the floors of Rooms 1 and 5. The ground beneath the arena floor (Room 3) has 
been surveyed and determined not to be radioactively contaminated. 

The purpose of decontamination and restoration is to reduce the amount of 
residual radioactivity to levels below the established DOE cleanup criteria. After 
cleanup, the Military Department of Illinois (i.e., Illinois National Guard) can proceed 
with planned renovation of the facility. Proposed project actions include: 

l Identification of all areas requiring decontamination. 

l Decontamination of identified areas. 

l Packaging, in approved containers, of all waste generated during 
decontamination activities. 

l Transport of all waste generated for off-site disposal --disposal of 
all radioactive waste at the DOE Hanford Reservation near 
Richland, Washington, and disposal of all nonradioactive waste in a 
nearby sanitary landfill. 

l Restoration of decontaminated areas as appropriate for intended 
future uses and with the concurrence of the Illinois National Guard. 

l Certification that the radioactivity levels meet criteria for 
unrestricted use. 

A more detailed description of the proposed action is given in Section 3. 
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2.1 GENERAL SETTING AND HISTORY 

The National Guard Armory is located in the northeast section of Washington 
Park at 52nd Street and Cottage Grove Avenue in Chicago, Illinois (Fig. 2.1). Washington 
Park is a municipal park covering an area of about 150 ha (370 acres) and is located about 
10 km (6 mi) south of the Chicago downtown business district. The park is adjacent to 
residential areas and the University of Chicago, which is located to the east of the park 
on adjoining land. There are several hospitals in the immediate vicinity of the park. The 
Armory is located on the boundary of the Hyde Park-Kenwood Historic District, as listed 
in the National Register of Historic Places (U.S. Dept. Interior 1980). 

The National Guard Armory, constructed in 1924, is a 71-m (230-ft) by 200-m 
(650-ft) concrete building with a facade of Indiana limestone. An arena occupies the 
center of the building, and offices are located on four floors at the north and south 
ends. The arena is 68 m (220 ft) by 110 m (350 ft) and has a ceiling over 30 m (100 ft) 
high of clear span (steel truss) construction. Stadium bleachers are located on the east 
and west sides of the arena. The arena was formerly used by a horse cavalry and later 
for horse polo games played on a dirt floor (U.S. Dept. Energy 1983; Jones 1986). 

The Armory was leased from the state of Illinois 124th Field Artillery by the 
MED during World War II to support activities associated with development of the atomic 
bomb. Beginning in 1942, the building was used jointly by the MED Metallurgical 
Laboratory and the University of Chicago in support of federal programs involving 
nuclear materials. The AEC terminated use of this facility in 1951, and the property was 
returned to the state of Illinois for use by the National Guard (U.S. Dept. Energy 1980a, 
1980b). 

Various types of uranium processing were conducted in the Armory in support of 
MED/AEC activities. The arena was probably used for chemical processing and metal 
casting of uranium; the bleachers surrounding the arena were used for storage of 
radioactive materials. After MED stopped using the Armory, contaminated sediment 
from the arena dirt floor was removed and efforts were made to decontaminate some of 
the bleachers around the arena. A concrete slab was later poured over the dirt floor to 
facilitate use of the arena for maintenance of military vehicles (U.S. Dept. Energy 1983). 

2.2 RADIOACTIVE CONTAMINATION AND NEED FOR ACTION 

A radiological survey of the National Guard Armory was conducted in 1977 and 
1978 (U.S. Dept. Energy 1983). This survey indicated that various locations of the 
Armory are radioactively contaminated above currently accepted guidelines for residual 
radioactivity (App. A). The results of the survey are summarized as follows. 

The principal radioactive contaminant is processed natural uranium, and the 
contamination is generally limited to relatively small areas (less than 300 cm2). The 
radiation level in the Armory as a result of the contamination is quite low. No exposure 
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rates in excess of background levels were detected at 1 m from the surface. The 
maximum contact exposure rate measured was 3 mR/h on a catch basin manhole cover in 
Room 1. 

The concentrations of radon-222 and its decay products in air in the building, as 
measured by grab-sampling techniques, were within the range of values normally 
expected for background concentrations. The concentrations of long-lived radionuclides 
in air samples and the concentrations of radionuclides in soil samples collected around 
the facility were also essentially at background levels. 

Contamination possibly resulting from the previous MED/AEC activities was 
found at 73 locations in 11 rooms or areas. With the exceptions of Rooms 1 and 260, and 
the floor drainage system for Rooms 1 and 5, the contamination consisted of small 
localized spots, mainly on floors. The contamination in Room 1 was extensive and 
involved about 200 m2 (2,200 ft2) of concrete ceiling and floor. The contamination in 
Room 260 involved about 3 m2 (30 it21 of concrete floor. The contamination on the floor 
was not easily removable, whereas most of the contamination on the ceiling was easily 
removable when smeared. The contamination in the floor drainage system for Rooms 1 
and 5 consisted of about 2 m2 (20 ft2) of contaminated brick and sludge within two catch 
basins. Since the 1977-1978 radiological survey (U.S. Dept. Energy 1983), some minor 
relocation of partitions has occurred in areas determined to be contaminated (Jones 
1986). 

The Armory is currently occupied by the Illinois National Guard and houses the 
1st Battalion, 178th Infantry, and the 2nd Battalion, 122nd Field Artillery. The Armory 
is used as offices, classrooms, and storage and garage areas. Under current use 
conditions, the potential for radiation exposure to occupants of this building is minimal. 
However, the National Guard is planning to renovate this facility in the near future. 
Planned renovation activities include areas previously identified as being radioactively 
contaminated above current guidelines (Jones 1986). The existing contamination poses a 
potential hazard to both construction personnel and current occupants because the 
renovation could produce airborne contaminants that might be ingested or inhaled. 
Therefore, prior to any renovation, DOE is proposing to decontaminate those areas of the 
Armory that were contaminated as a result of former MED/AEC activities. 
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3 DESCRIPTION OF PROPOSED ACTION 

The results of the radiological survey conducted in 1977 and 1978 (U.S. Dept. 
Energy 1983) will be used as a guide to locate contaminated areas. In addition, all areas 
suspected of being radioactively contaminated as a result of former MED/AEC activities 
will be surveyed as part of this action to ensure that all contaminated areas are 
identified. Chemical sampling of drainage system sediments will also be performed. 
Appropriate precautions will be taken to protect against chemical hazards such as 
asbestos, which may be present in some floor tiles and piping insulation (Jones 1986). 

Standard techniques will be utilized to decontaminate the areas identified. For 
example, water or special cleaners will be used to flush drainage systems, pipes, and 
ducts and to clean the exterior of metallic components. These solutions will remove the 
contamination but leave the surface material essentially intact. In situations where the 
radioactivity is imbedded in the material (e.g., contaminated concrete), the 
contaminated material will be removed by brushing, grinding, scabbling, etc., as 
appropriate. If necessary, entire components may be removed as radioactive waste. 
Contaminated sediments and sludges will be collected and placed in appropriate 
containers. Decontamination will continue until residual radioactivity levels are as low 
as reasonably achievable (ALARA) and meet criteria developed for FUSRAP (App. A). 

All radioactive waste resulting from decontamination will be transported off-site 
to an approved disposal site. The waste will be packaged in DOE-approved containers 
that meet or exceed U.S. Department of Transportation (DOT) requirements for 
shipment. Current plans call for shipment of the waste in SS-gallon drums to the DOE 
Hanford Reservation near Richland, Washington. Decontamination of the Armory is 
expected to generate approximately 40 m3 (50 yd3) of low-level radioactive waste. Any 
radioactive waste that contains chemically hazardous constituents will be packaged, 
transported, and disposed of in compliance with all applicable regulations. All non- 
salvageable or otherwise unusable nonradioactive waste will be disposed of in a local 
sanitary landfill. 

After decontamination, the affected areas will be restored in a manner 
consistent with their intended future uses. All decontamination and restoration 
activities will be performed by Bechtel National, Inc., DOE’s project management 
contractor. Because many of the areas to be decontaminated are currently being used, it 
will be necessary to schedule activities with the Illinois National Guard to minimize 
disruption of ongoing activities. All restoration activities will be subject to concurrence 
by the National Guard prior to implementation. 

It is expected that decontamination will be initiated during the spring of 1987 
and completed in about eight weeks. Following completion of decontamination and 
restoration, the affected areas of the Armory will be surveyed to ensure compliance with 
applicable cleanup criteria. If necessary, additional decontamination and restoration of 
selected areas will be performed. 
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4 ENVIRONMENTAL CONSEQUENCES 
- 

,.” 
4.1 RADIOLOGICAL 

The incremental radiation doses to the general public from decontamination of 
the National Guard Armory and from transport of the radioactive waste to the Hanford 
Reservation will be immeasurably small relative to doses received from natural sources 
of radiation. The amount of contamination in the Armory is very small. The results of 
the 1977-1978 radiological survey (U.S. Dept. Energy 1983) indicate that the estimated 
total amount of processed natural uranium remaining within the building is 30 uCi* and 
that the exposure rates at 1 m from the surface are at background levels. Use of good 
health-physics practices to reduce the airborne releases of radioactivity will ensure that 
the general public is not exposed to any measurable amount of radioactivity. 

The potential radiation doses to workers performing the remedial action will be 
kept as low as reasonably achievable (ALARA) by standard health-physics practices and 
strict compliance with DOE environmental protection, safety and health protection 
guidelines given in DOE Order 5480.lA. Because the measured exposure rates at 1 m 
from the surface were all at background levels, no external radiation hazard exists. In 
addition, the measured airborne radioactivity and the radioactivity in soil samples were 
at background levels. The only pathway by which workers could incur radiation doses in 
excess of background exposure is by inhalation of airborne radioactive contaminants 
generated during the decontamination and waste-packaging activities. Radioactive 
waste-handling and transportation activities will comply with all applicable DOE, DOT, 
and state of Illinois requirements. 

The potential doses to workers will be kept low by minimizing the amount of 
airborne contamination through use of such practices as wetting the concrete during 
removal activities. In addition, workers will wear respiratory protection equipment, 
when required, to reduce the likelihood of inhaling radioactively contaminated 
particulates; local ventilation will be used if needed, and the work environment will be 
monitored by collection of air samples to ensure a safe work environment. Procedures to 
minimize radiation doses will also serve to minimize exposure to any hazardous 
chemicals that may be present. 

The occupational dose commitment was estimated using data presented in the 
1977-1978 radiological survey report (U.S. Dept. Energy 1983), a particulate de 
velocity of 1 cm/s, and a particulate resuspension rate of 1 x 1O’6/s (i.e., 1 Ii 

osition 
x 10’ of the 

total amount of contamination in the Armory is assumed to be released per second). This 
deposition velocity and resuspension rate are assumed to be representative of those 
associated with mechanical disturbances of concrete such as will be required to 

*l curie of natural uranium means ‘6 from uranium-238 plus 3.7 x lo1 
e sum of 3.7 Y lOlo disintegrations per Becond (dps) 

uranium-235, 
dps from uranium-234 plus 1.7 x 10 dps from 

as defined in DOE Order 5480.1A, Chapter XI. (Chapter XI of 
Order 5480.1A has been amended -- 
[1986].) 

see Vaughan [1985] and U.S. Department of Energy 
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decontaminate the Armory. The airborne concentration of processed natural uranium is 
estimated to be about 3.3 pCi/m3. The total length of time associated with decontami- 
nation activities is estimated to be 100 hours. During all activities that have the 
potential for generating airborne radioactivity, it is assumed that workers will wear 
respiratory protection equipment providing a protection factor of 10 (the same factor 
that is provided by half-masks -- see 10 CFR Part 20). A worker is estimated to incur a 
dose of about 10 mrem during the loo-hour period, assuming a breathing rate of 1.2 m3/h 
and a lung clearance class of Y. This dose estimate is based on the dose conversion 
factors recommended by the International Commission on Radiological Protection 
(1979). The entire occupational dose commitment to a crew of 15 workers is estimated 
to be 0.15 person-rem. 

4.2 NONRADIOLOGICAL 

The nonradiological impacts of the proposed action are expected to be minimal. 
There will be no impacts on surface water or groundwater because current plans do not 
include any below-grade activities or any discharges to water bodies. There may be 
small atmospheric releases related to concrete removal activities, but such releases will 
be low and further mitigated by using such procedures as wetting the concrete during 
removal activities. Impacts on local biota in the park will be negligible because all 
activities will occur within the Armory. Transportation of the radioactive waste to the 
Hanford Reservation will not have a significant impact because only four or five 
truckloads will be required according to current projections. 

The proposed action will have a negligible effect on the local economy due to the 
relatively small size of the work force and the short duration of the proposed 
decontamination activities. Because the Armory is located in a park, there will be 
limited impact on local traffic patterns, residences, and businesses. The small increase 
in noise during cleanup activities may cause a short-term nuisance to users of the park 
but is expected to be minimal. 

Because the Armory is located on the boundary of the Hyde Park-Kenwood 
Historic District, DOE notified the Illinois Historic Preservation Agency (IHPA) about 
the proposed decontamination activities to determine if there might be any potential 
adverse effects on this district. The Department received a “determination of no effect” 
from IHPA on January 21, 1987 (Farrar 1987). 
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APPENDIX A. DOE GUIDELINES FOR RESIDUAL RADIOACTMTY 

U.S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVITY AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 
AND 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(Rev. 1, July 1985) 

A. INTRODUCTION 

This document presents U.S. Department of Energy (DOE) radiological 
protection guidelines for cleanup of residual radioactive materials and 
management of the resulting wastes and residues. It is applicable to sites 
identified by the Formerly Utilized Sites Remedial Action Program (FUSRAP) and 
remote sites identified -by the Surplus Facilities Management Program (SFMP).* 
The topics covered are basic dose limits , guidelines and authorized limits for 
allowable levels of residual radioactivity, and requirements for control of 
the radioactive wastes and residues. 

Protocols for identification, characterization, and designation of FUSRAP 
sites for remedial action; for implementation of the remedial action; and for 
certification of a FUSRAP site for release for unrestricted use are given in a 
separate document (U.S. Dept. Energy 1984). More detailed information on 
applications of the guidelines presented herein, including procedures for 
deriving site-specific guidelines for allowable levels of residual radio- 
activity from basic dose limits, is contained in a supplementary document-- 
referred to herein as the “supplement” (U.S. Dept. Energy 1985). 

“Residual radioactivity” includes: (1) residual concentrations of radio- 
nuclides in soil material ,* (2) concentrations of airborne radon decay 
products, (3) external gamma radiation level, 
A “basic dose limit” 

and (4 1 surface contamination. 
is a prescribed standard from which limits for quantities 

that can be monitored and controlled are derived; it is specified in terms of 
the effective dose equivalent as defined by the International Cormnission on 
Radiological Protection (ICRP 1977, 1978). Basic dose limits are used 
explicitly for deriving guidelines for residual concentrations of radio- 
nuclides in soil material, except for thorium and radium. Guidelines for 

located outside a major operating DOE research and development or production 
area. 

-he term “soil material” refers to all material below grade level after 
remedial action is completed. 
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residual concentrations of thorium and radium and for the other three quanti- 
ties (airborne radon decay products , external gamma radiation level, and 
surface contamination) are based on existing radiological protection 
(U.S. Environ. Prot. Agency 1983; U.S. Nucl. Reg. Comm. 1982). 

standards 
These 

standards are assumed to be consistent with basic dose limits within the 
uncertainty of derivations 
limits. 

of levels of residual radioactivity from basic 

A “guideline” for residual radioactivity is a level of residual radio- 
activity that is acceptable if the use of the site is to be unrestricted. 
Guidelines 
(1) generic, 

for residual radioactivity presented herein are of two kinds: 
site-independent guidelines taken from 

protection standards, 
existing radiation 

limits using 
and (2) site-specific guidelines derived from basic dose 

site-specific models and data. 
presented in this document. 

Generic guideline values are 
Procedures and data for deriving site-specific 

guideline values are given in the supplement. 

An “authorized limit” is a level of residual radioactivity that must not 
be exceeded if the remedial action is to be considered completed. Under 
normal circumstances, 
residual 

expected to occur at most sites, authorized limits for 
radioactivity are set equal to guideline values. Exceptional 

conditions for which authorized limits might differ from guideline values are 
specified in Sections D and F. A site may be released for unrestricted use 
only if the residual radioactivity does not exceed guideline values at the 
time remedial action is completed. Restrictions and controls on use of the 
site must be established and enforced if the residual radioactivity exceeds 
guideline values. 
Section E. 

The applicable controls and restrictions are specified in 

DOE policy requires that all exposures to radiation be limited to levels 
that are as low as reasonably achievable (AURA). Implementation of ALARA 
policy is specified as procedures to be applied after authorized limits have 
been set. For sites to be released for unrestricted use, the intent is to 
reduce residual radioactivity to levels that are as far below authorized 
limits as reasonable considering technical, economic, and social factors. At 
sites where the residual radioactivity is not reduced to levels that permit 
release for unrestricted use, 
controls to reduce exposure 

ALARA policy is implemented by establishing 

achievable. 
to levels that are as low as is reasonably 

supplement. 
Procedures for implementing ALARA policy are described in the 
ALARA policies, procedures, and actions must be documented and 

filed as a permanent record upon completion of remedial action at a site. 

B. BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual 
member of the general public is 500 mrem/yr for a period of exposure not to 
exceed 5 years and an average of 100 mrem/yr over a lifetime. The committed 
effective dose equivalent, as defined in ICRP Publication 26 (ICRP 1977) and 
calculated by dosimetry models described in ICRP Publication 30 (ICRP 19781, 
shall be used for determining the dose. 
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C. GUIDELINES FOR RESIDUAL RADIOACTIVITY 

.I. 

- 

-. 

C.l Residual Radionuclides in Soil Material 

Residual concentrations of radionuclides in soil material shall be speci- 
fied as above-background concentrations averaged over an area of 100 m2. If 
the concentration in any area is found to exceed the average by a factor 
greater than 3, guidelines for local concentrations shall also be applicable. 
These “hot spot” guidelines depend on the extent of the elevated local concen- 
trations and are given in the supplement. 

The generic guidelines for residual concentrations of Th-232, Th-230, 
Ra-228, and Ra-226 are: 

- 5 pCi/g, averaged over the first 15 cm of soil below the surface 

- 15 pCi/g, averaged over 15-cm-thick layers of soil more than 15 cm 
below the surface 

These guidelines take into account ingrowth of Ra-226 from Th-230 and of 
Ra-228 from Th-232, and assume secular equilibrium. If either Th-230 and 
Ra-226 or Th-232 and Ra-228 are both present, 
guidelines apply to the higher concentration. 

not in secular equilibrium, the 
If other mixtures of radio- 

nuclides occur, the concentrations of individual radionuclides shall be 
reduced so that the dose for the mixtures will not exceed the basic dose 
limit. Explicit formulas for calculating residual concentration guidelines 
for mixtures are given in the supplement. 

The guidelines for residual concentrations in soil material of all other 
radionuclides shall be derived from basic dose limits by means of an environ- 
mental pathway analysis using site-specific data. 
these guidelines are given in the supplement. 

Procedures for deriving 

C.2 Airborne Radon Decay Products 

shall 
Generic guidelines for concentrations of airborne radon decay products 

apply to existing occupied or habitable structures on private property 
that are intended for unrestricted use; structures that will be demolished or 
buried are excluded. The applicable generic guideline (40 CFR 192) is: In 
any occupied or habitable building, the objective of remedial action shall be, 
and reasonable effort shall be made to achieve, an annual average (or 
equivalent) radon decay product concentration (including background) not to 
exceed 0.02 WL.* In any case, the radon decay product concentration 
(including background) shall not exceed 0.03 WL. Remedial actions are not 
required in order to comply with this guideline when there is reasonable 
assurance that residual radioactive materials are not the cause. 

C.3 External Gamma Radiation 

The average level of gausna radiation inside a building or habitable 
structure on a site to be released for unrestricted use shall not exceed the 
background level by more than 20 vR/h. 

+A working level (WL) is any combination of short-lived radon decay 
products in one liter of air that will result in the ultimate emission 
of 1.3 x 10s MeV of potential alpha energy. 
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The following generic guidelines, from standards of the 
U.S. Nuclear Regulatory Commission (19821, 

adapted 
are applicable only to existing 

structures and equipment that will not be demolished and buried. 
to both interior and exterior surfaces. 

They apply 

buried, the guidelines 
If a building is demolished and 

in Section C.l are applicable to the resulting 
contamination in the ground. 

Radionuclidesb 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, AC-227, 
I-125, I-129 

Allowable Total Residual Surface 
Contamination (dpm/lOO cm2Ja 

Averagecgd Maximumd Ve Removebled 9 f 

100 300 20 
Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, I-126, I-131, I-133 1,000 3,000 200 
U-Natural, U-235, U-238, and 
associated decay products 5,OOOa 15,OOOa 1,oooa 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 
except Sr-90 and others noted above 5 ,OOOB-y 15 ,OOOB-y 1,0006-y 

a As used in this table, dpm (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting the counts 
per minute measured by an appropriate detector for background, efficiency, 
and geometric factors associated with the instrumentation. 

b Where surface contamination by both alpha- 
nuclides exists, 

and beta-gamma-emitting radio- 
the limits established for alpha- and beta-gamma-emitting 

radionuclides should apply independently. 

’ Measurements of average contamination should not be averaged over an area 
of more than 1 m2. For objects of less surface area, the average should 
be derived for each such object. 

d The average and maximum dose rates associated with surface contamination 
resulting from beta-gamma emitters should not exceed 0.2 mrad/h and 
1.0 mrad/h, respectively, at 1 cm. 

e The maximum contamination level applies to an area of not more than 
100 cm2. 

f The amount of removable radioactive material per 100 cm* of surface area 
should be determined by wiping that area with dry filter or soft absorbent 
paper, applying moderate pressure, and measuring the amount of radioactive 
material on the wipe with an appropriate instrument of known efficiency. 
When removable contamination on objects of surface area less than 100 cm2 
is determined, the activity per unit area should be based on the actual 
area and the entire surface should be wiped. The numbers in this column 
are maximum amounts. 
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D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVITY 

*I. 

.W” 

.I. 

The remedial action shall not be considered complete unless the residual 
radioactivity is below authorized limits. Authorized limits shall be set 
equal to guidelines for residual radioactivity unless: (1) exceptions 
specified in Section F of this document are applicable, in which case an 
authorized limit may be set above the guideline value for the specific 
location or condition to which the exception is applicable: or (2) on the 
basis of site-specific data not used in establishing the guidelines, it can be 
clearly established that limits below the guidelines are reasonable and can be 
achieved without appreciable increase in cost of the remedial action. 
Authorized limits that differ from guidelines must be justified and estab- 
lished on a site-specific basis, with documentation that must be filed as a 
permanent record upon completion of remedial action at a site. Authorized 
limits differing from the guidelines 
Oak Ridge Technical Services Division, 

must be approved by the Director, 
for FUSRAP and by the Director, 

Richland Surplus Facilities Management Program Office, for remote SFMP--with 
concurrence by the Director of Remedial Action Projects for both programs. 

E. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

Residual radioactivity above the guidelines at FUSRAP and remote SFMP 
sites must be managed in accordance with applicable DOE Orders. The DOE 
Order 5480.1A requires compliance with applicable federal, state, and local 
environmental protection standards. 

The operational and control requirements specified in the following DOE 
Orders shall apply to interim storage, interim management, and long-term 
management. 

a. 5440.1B, Implementation of the National Environmental Policy Act 

b. 5480.1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations 

c. 5480.2, Hazardous and Radioactive Mixed Waste Management 

d. 5480.4, Environmental Protection, Safety, and Health Protection 
Standards 

e. 5482.1A, Environmental, Safety , and Health Appraisal Program 

f. 5483.1, Occupational Safety and Health Program for Government- 
Owned Contractor-Operated Facilities 

g- 5484.1, Environmental Protection, Safety, and Health Protection 
Information Reporting Requirements 

h. 5484.2, Unusual Occurrence Reporting System 
. 
1. 5820.2, Radioactive Waste Management 

E.l Interim Storage 

a. Control and stabilization features shall be designed to ensure, to 
the extent reasonably achievable 
in any case, 

, an effective life of 50 years and, 
at least 25 years. 
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b. Above-background RIP222 concentrations in the atmosphere above 
facility surfaces or openings shall not exceed: 
any given point, (2) 

(1) 100 pCi/L at 
an annual average concentration of 30 pCi/L 

over the facility site, and (3) an annual average concentration of 
3 pCi/L at or above any location 
Order 5480.16, Attachment X1-1). 

outside the facility site (DOE 

C. Concentrations of radionuclides in the groundwater or quantities of 
residual radioactive materials shall not exceed existing federal, 
state, or local standards. 

d. Access to a site shall be controlled and misuse of onsite material 
contaminated by residual radioactivity shall be prevented through 
appropriate administrative 

passive 
controls and physical barriers--active 

and controls as described by the U.S. Environmental 
Protection Agency (1983--p. 595). These control features should be 
designed to ensure, to the extent reasonable, an effective life of 
at least 25 years. The federal government shall have title to the 
property. 

E.2 Interim Management 

a. A site may be released under interim management when the residual 
radioactivity exceeds guideline values if the residual radioactivity 
is in inaccessible locations and would be unreasonably costly to 
remove, provided that administrative controls are established to 
ensure that no member of the public shall receive a radiation dose 
exceeding the basic dose limit. 

b. The administrative controls, as approved by DOE, shall include but 
not be limited to periodic monitoring, appropriate shielding 
physical barriers to prevent access, and appropriate radiologica; 
safety measures during maintenance, renovation, demolition, or other 
activities that might disturb the residual radioactivity or cause it 
to migrate. 

C. The owner of the site or appropriate federal, state, or local 
authorities shall be responsible for enforcing the administrative 
controls. 

E.3 Long-Term Management 

.- Uranium, Thorium, and Their Decay Products 

a. Control and stabilization features shall be designed to ensure, to 
the extent reasonably achievable, 
and, 

an effective life of 1,000 years 
in any case, at least 200 years. 

b. Control and stabilization features shall be designed to ensure that 
Rn-222 emanation 
(1) exceed an 

to the atmosphere from the waste rhall not: 
annual average release rate of 20 pCi/mz/s, and 

(2) increase the annual average Rn-222 concentration at or above any 
location outside the boundary of the contaminated area by more than 
0.5 pCi/L. Field verification of emanation rates is not required. 
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C. Prior to placement of any potentially biodegradable contaminated 
wastes in a long-term management facility, such wastes shall be 
properly conditioned to ensure that (1) the generation and escape of 
biogenic gases will not cause the requirement in paragraph b of this 
section (E.3) to be exceeded, and (2) biodegradation within the 
facility will not result in premature structural failure in viola- 
tion of the requirements in paragraph a of this section (E.3). 

d. Croundwater shall be protected in accordance 
192.20(a)(2) and 192.20(a)(3), 

with 40 CFR 

SFMP sites. 
as applicable to FUSRAP and remote 

e. Access to a site should be controlled and misuse of onsite material 
contaminated by residual radioactivity should be prevented through 
appropriate administrative controls and physical barriers--active 
and passive controls as described by the U.S. 
Protection Agency (1983--p. 595). 

Environmental 
These controls should be designed 

to be effective to the extent reasonable for at least 200 years. 
The federal government shall have title to the property. 

Other Radionuclides 

f. Long-term management 
with Chapters 2, 

of other radionuclides shall be in accordance 
3, and 5 of DOE Order 5820.2, as applicable. 

F. EXCEPTIONS 

Exceptions to the requirement that authorized limits be set equal to the 
guidelines may be made on the basis of an analysis of site-specific aspects of 
a designated site that were not taken into account in deriving the guide- 
lines. Exceptions require approvals as stated in Section D. 
situations that warrant exceptions are: 

Specific 

a. Where remedial actions would pose a clear and present risk of injury 
to workers or members of the general public, notwithstanding 
reasonable measures to avoid or reduce risk. 

b. Where remedial actions--even after all reasonable 
measures have been 

mitigative 
taken-- would produce environmental harm that is 

clearly excessive compared to the health benefits to persons living 
on or near affected sites, now or in the future. A clear excess of 
environmental harm is harm that is long-term, manifest, and grossly 
disproportionate to health benefits 
anticipated. 

that may reasonably be 

c. Where the cost of remedial actions for contaminated soil is 
unreasonably high relative to long-term benefits and where the 
residual radioactive materials do not pose a clear present or future 
risk after taking necessary control measures. The likelihood that 
buildings will be erected or that people will spend long periods of 
time at such a site should be considered in evaluating this risk. 
Remedial actions will generally not be necessary where only minor 
quantities of residual radioactive materials are involved or where 
residual radioactive materials occur in an inaccessible location at 
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which site-specific factors limit their hazard and from which they 
are costly or difficult to remove. Examples are residual radio- 
active materials under hard-surface public roads and sidewalks, 
around public sewer lines, or in fence-post foundations. In order 
to invoke this exception, a site-specific analysis must be provided 
to establish that it would not cause an individual to receive a 
radiation dose in excess of the basic dose limits stated in 
Section B, and a statement specifying the residual radioactivity 
must be included in the appropriate state and local records. 

Where the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included in this judgment are the anticipated period of occupancy, 
the incremental radiation level that would be effected by remedial 
action, the residual useful lifetime of the building, the potential 
for future construction at the site, and the applicability of 
remedial actions that would be less costly than removal of the 
residual radioactive materials. A statement specifying the residual 
radioactivity must be included in the appropriate state and local 
records. 

e. Where there is no feasible remedial action. 

. I .  G. SOURCES 

Limit or Guideline 

Basic Dose Limits 

Source 

Dosimetry Model and Dose International Commission on Radiological 
Limits Protection (1977, 1978) 

- 

Generic Guidelines for Residual Radioactivity 

Residual Concentrations 40 CFR 192 
of Radium and Thorium 
in Soil Material 

Airborne Radon Decay 
Products 40 CFR 192 

External Gamma Radiation 40 CFR 192 

Surface Contamination Adapted from U.S. Nuclear Regulatory 
Comnission (1982) 

Control of Radioactive Wastes and Residues 

Interim Storage DOE Order 5480.1A 

Long-Term Management DOE Order 5480.1A; 40 CFR 192 
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Department of Energy 

WHIL 27 1337 
clRLvT.0 
A~OF: NE-20 

- w: Review of Remedial Actions at the National Guard Armory, Chicago, 
Illinois 

TO: File 

-- 

As part of its Formerly Utilized Sites Remedial Action Program (FUSRAP) 
the Department of Energy (DDE) conducted remedial actions at the Nation;1 
Guard Armory site in Chicago, Illinois. The actions served to 
decontaminate those areas in the Armory that were radioactively 
contaminated as a result of programs previously conducted by the Manhattan 
Engineer District and the Atomic Energy Commission. 

The remedial actions included decontamination of the building and the 
excavation and removal of a below grade catch basin. The estimated 50 
cubic yards of contaminated material generated by these activities were 
packaged in 55 gallon drums and transported to the Hanford site near 
Richland, Washington, for disposal. 

Sampling of the catch basins determined the presence of radioactively 
contaminated sludges and hazardous chemicals. These catch basin sludges 
and chemicals have been packaged in approved steel drums and are currently 
stored at the Armory pending the location of a suitable disposal facility. 

The State of Illinois specified that no effluent releases were permitted 
during DOE's remedial action efforts. Therefore, extreme care was taken to 
capture and collect the airborne particulates generated during removal of 
surface contamination and the liquids used to clean equipment and piping 
systems. The materials so collected were solidified and packaged for 
disposal at the Hanford sits. 

The radiological impacts of the remedial actions both to the workers and 
members of the general public were reviewed in the Attachment and were 
determined to be negligibly small. 

There were no surface or groundwater impacts fran the remedial actions 
since no discharges of liquids were made and since all remedial action 
efforts took place within the building and were therefore sheltered from 
dispersion by the natural elements such as wind or rain. 
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The project clearly had no significant effects on the quality of the human 
environment within the meaning of Section 102(2)(c) of the National 
Environmental Policy Act. Accordingly, neither an environmental assessment 
nor an environmental impact statement was required. -, 

and Waste Technology 
Office of Nuclear Energy 

Attachment 

cc: _- C. Osborne, EH-25 w/attach. 
J. Wagoner, NE-23 w/out attach. 
S. Ahrends, OR w/out attach. 

^,_ R. Atkin, OR w/out attach. 

. * 

.- 

.- .- “-“,- 
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s. .  E xhibi t  II (5 )  -  A ccess A g r e e m e n ts 

A n  access  a g r e e m e n t was  o b ta i ned  from  th e  I l l inois M il i tary 

.,-. a n d  Nava l  Depa r tm e n t b e fo re  remed ia l  ac tio n  ac tivities b e g a n . 
A  copy  o f th e  a g r e e m e n t is i nc luded  in  th is  exhibit .  

P a g e  

A ccess A g r e e m e n t with th e  I l l inois M il i tary a n d  
a n d  Nava l  Depa r tm e n t, owne r  o f N a tiona l  G u a r d  A rmory  
located a t 5 2 n d  S treet a n d  C o tta g e  G rove  A venue , 
Ch i cago , I l l inois. II-3 1 0  
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D E P A R T I”IE N T  O F  E N E R G Y  
O A K  R I D G E  O P E R A T IO N S  O F F ICE 

P . 0 . B O X  E  
O A K  R IDGE,  T E N N E S S E E  3 7 8 3 1  

C O N T R A C T  N O . D E - A C O S - 8 1 0 R 2 0 7 2 2  

A G R E E M E N T  

THIS  A G R E E M E N T , e n te r ed  in to th is  1 6 th  d a y  o f Apr i l  t 

1 9 8 7 , e ffect ive as  o f th e  1 8 th  d a y  o f Apr i l  I 

b e tween  T H E  U N ITE D  S T A T E S  O F  A M E R ICA (here inaf ter  ca l l ed  th e  

‘G o v e r n m e n t’), ac t ing  th r o u g h  th e  D E P A R T M E N T  O F  E N E R G Y  (here inaf ter  

ca l l ed  th e  ‘D O E ’), a n d  T H E  IL L INOIS M IL ITA R Y  A N D  N A V A L  D E P A R T y E !: 

(here inaf ter  ca l l ed  th e  'D E P A R T M E N T '), o w n e r  o f a n  a rmory  a n d  

re la ted  faci l i t ies (here inaf ter  re fe r red  to  as  th e  ‘P roper ty’) 

l oca ted  a t 5 2 n d  S treet a n d  C o tta g e  G rove  A v e n u e , Ch i cago , I l l inois. 

W I T N E S S E T H  T H A T : 

W H E R E A S , th e  D O E  th r o u g h  its c o n tractor, B e c h te l  N a tiona l , Inc., 

is c o n d u c tin g  a  low- leve l  rad ioac t i ve  was te  r emed ia l  ac t ion  p r o g r a m  

re la ted  to  o p e r a tio n s  c o n d u c te d  by  p redecesso r  agenc i es  to  th e  D O E : 

a n d  

W H E R E A S , th e  D E P A R T M E N T  o w n s  rea l  p roper ty  desc r i bed  a b o v e  wh ich  

requ i res  r emed ia l  act ion;  a n d  

U H E R E A S , th e  D E P A R T M E N T  h a s  a g r e e d  to  such  r emed ia l  ac t ion  u n d e r  

th e  te rms  set  for th  b e l o w : 

0 9 1 5 x  

._ __ -  .-. . ..- -  “. -.- 

1  

II-3 1 0  
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N O W  T H E R E F O R E , in  cons ide ra t i on  o f th e  m u tua l  p romises ,  th e  
par t ies  he r e to  a g r e e  as  fo l lows:  

1 . T h e  D E P A R T M E N T  he reby  g r an ts to  th e  D O E  or  its des i gnees  a  
permi t  g iv ing:  (a)  th e  r ight  to  e n te r  u p o n  th e  p roper ty  fo r  th e  
p u r p o s e  o f r emov i ng  low- leve l  rad ioac t i ve  m a ter ia l  f rom such  
proper ty :  a n d  (b)  th e  r ight  to  e n te r  u p o n  th e  p roper ty  to  ta k e  soi l  
l amp les ,  pe r fo rm rad io log ica l  surveys,  a n d  to  pe r fo rm or  ta k e  a n y  
o the r  r easonab l e  ac t ion  cons is tent  wi th th e  exped i t i ous  c o m p l e tio n  
o f th e  sub jec t  r emed ia l  act ion;  a n d  (c) th e  r ight  to  restrict access  
to  such  par ts  o f th e  proper ty ,  a s  m a y  b e  necessary ,  to  faci l i tate 
r emed ia l  act ion:  a n d  ( d )  th e  r ight  to  per iod ica l l y  e n te r  u p o n  th e  
p roper ty  a fte r  c o m p l e tio n  o f th e  r emed ia l  ac t ion  fo r  th e  p u r p o s e  o f 
c o n d u c tin g  fo l l ow-up  rad io log ica l  surveys.  

2 . T h e  G o v e r n m e n t sha l l  b e  respons ib le  fo r  a n y  loss  o r  
d e s truct ion o f o r  d a m a g e  to  th e  D E P A R T M E N T 's rea l  o r  pe r sona l  
p roper ty  c a u s e d  by  th e  act iv i t ies o f th e  D O E  or  its des i gnees  in  
exerc is ing  a n y  o f th e  r ights g i ven  in  th is  A g r e e m e n t. Th is  

respons ib i l i ty  sha l l  b e  lim ite d  to  res tor ing  th e  p roper ty  to  a  
cond i t i on  c o m p a r a b l e  to  its o r ig ina l  cond i t i on  by  te chn i ques  o f 
repai r ,  r e p l a c e m e n t, backf i l l ing,  a n d  such  o the r  m e th o d s  as  m a y  b e  

a g r e e d  to  b e tween  th e  par t ies  a t th e  tim e  o f res tora t ion work  in  
a cco rdance  wi th th e  te rms  a n d  cond i t ions  o f th is  A g r e e m e n t. 
E ffect ive u p o n  c o m p l e tio n  o f th e  res tora t ion work  in  a cco rdance  wi th 
th e  te rms  a n d  cond i t ions  o f th is  A g r e e m e n t a n d  u p o n  cert i f icat ion by  
th e  D O E  th a t th e  D E P A R T M E N T 's p roper ty  m e e ts a l l  app l i cab le  
rad io log ica l  cr i ter ia, th e  D E P A R T M E N T  wil l  r e l ease  th e  G o v e r n m e n t, 
its c o n tractors, a n d  th e  o fficers, e m p l o y e e s , servants,  a n d  a g e n ts 

o f e i ther  o f th e m  f rom al l  fu r ther  respons ib i l i ty  re la ted  to  th e  
r emed ia l  ac t ion  cove red  by  th is  a g r e e m e n t. 
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3. The DEPARTMENT will notify the DOE in writing if the 
property is, or at any time during the term of this Agreement shall 
become, leased, sold or otherwise transferred to another party. The 
DEPARTMENT will also give written notice to any purchaser, lessee, 
or transferee of the applicability of the rights contained in this 
Agreement when such purchase, lease, or transfer takes place during 
the term of this Agreement. The DEPARTMENT hereby consents to any 
Lessee of the property entering into a suitable agreement with the 
Government to cover any part of the remedial action that may affect 
such Lessee. 

4. No member of or delegate to Congress, or Resident 
Commissioner, shall be admitted to any share or part of this 
Agreement, or t;.any 

cPd= 
nefit that may arise therefrom: but this 

provision shallAb onstrued to extend to this Agreement if made 
with a corporation for its general benefit. 

5. The DEPARTMENT warrants that no person or selling agency has 
been employed or retained to solicit or secure this Agreement upon 
an agreement or understanding for a commission, percentage, 
brokerage, or contingent fee, excepting bona fide employees and bona 

fide established commercial or selling agencies maintained by the 

DEPARTKENT for the purpose of securing business. For breach or 

violation of this warranty, the Government shall have the right to 
annul this Agreement without liability or in its discretion to 
deduct from the Agreement price or consideration, or otherwise 
recover, the full amount of such connission, percentage, brokerage, 
or contingent fee. 

6. To the extent that provisions of this Agreement call for the 
expenditure of appropriated funds in fiscal years subsequent to 
Fiscal Year 1987, such provisions shall be subject to the 

availability of funds appropriated by the Congress which the DOE may 
legally bpend for such purposes. 

7. This Agreement shall terminate upon completion of the 
restoration work and upon certification by the DOE that the 
DEPARTMENT’s property meets applicable radiological criteria to the 
maximum extent practicable. 

0915x 
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8. The Government and the DOE agree to indemnify and save 

harmless the DEPARTMENT for any damages or claims for damages 

arising out of or in connection with said remedial action plan 
described in this agreement. 

-. 

IN WITNESS WHEREOF, the parties have executed this Agreement in 

several counterparts. 

-  

-, 

0915x 

.-. .  ._” .s  .- 

ILLINOIS MILITARY AND NAVAL DEPARTVEbJT 

BY: it&&A&-w 
HAROLD G. IJOLESINGERO 
Major General 

TITLE: The Adjutant General 

DATE: 9 April 1987 

THE UNITED STATES OF AMERICA 

BY: DEPARTMENT OF ENERGY 

BY: A id w 

TITLE: Director, Technical Services Div. 

DATE : Apri 1 16. 1987 
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a”- Exhibit II (6) -  Post-Remedial Action Report 

The following report documents remedial action activities performed 
at the NGA and the radiological s tatus  of the NGA following the 
completion of remedial action. The post-remedial action report is  
inc luded in this  sect ion of the docket by reference. 

Paqe 

Bechtel National, Inc . Post-Remedial Action Report 
for the National G uard Armory, Chicago, Illinois , 
DOE/OR/20722-184, Revis ion 1, O ak Ridge, TN, 
November 1988. II-315 

0561t:DRAFT 
12/05/88 
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This seport was prepared as an account of work sponsored by the United States Government. Neither the 
United States nor the United States Department of Energy, nor any of their employees, nor any of their 
contractors. subcontractors, or their employees, makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use would not infringe privately owned rights. 

. . , , .  1,-~” . , * - - , - -  



DOE/OH/20722-184 
Revision 1 

POST-REMEDIAL ACTION REPORT 

FOR THE NATIONAL GUARD ARMORY SITE 

CHICAGO, ILLINOIS 

DECEMBER 1988 

Prepared for 

UNITED STATES DEPARTMENT OF ENERGY 

OAK RIDGE OPERATIONS OFFICE. 

Under Contract No. DE-ACOS-810R20722 

BY 

E. H. McNamee 

Bechtel National, Inc. 

Oak Ridge, Tennessee 

Bechtel Job No. 14501 

II-316 



TABLE OF CONTENTS 

Paae 
-. 

-- 

_.l 

-  

Abbreviations vii 

1.0 Introduction 
1.1 Location and Description 
1.2 Site History 

2.0 Remedial Action Guidelines 5 

3.0 Remedial Action 
3.1 Remedial Action Activities 
3.2 Contamination Control During Remedial Action 

4.0 Post-Remedial Action Measurements 14 
4.1 The Catch Basin System 15 
4.2 Rooms Where Remedial Action Was Performed 17 

4.2.1 Room 1 17 
4.2.2 Room 1A 19 
4.2.3 Room 1D 19 
4.2.4 Room 1E 19 
4.2.5 Room 5 19 
4.2.6 Room 58 20 
4.2.7 Rooms S201 and S202 20 
4.2.8 Room S212 20 
4.2.9 Room S213 21 
4.2.10 Hallway Outside Room S213 21 
4.2.11 Room S215 21 
4.2.12 Room S234 22 

4.3 Outside Area 22 

5.0 Post-Remedial Action Status 55 

References 56 

8 

8 

12 

iii 

II-317 





LIST OF FIGURES 
(Continued) 

. -  

I” 

- -  

Figure 

4-11 

4-12 

4-13 

4-14 

4-15 

4-16 

4-17 

4-18 

4-19 

4-20 

4-21 

Title 

Room 1 - Areas Where Remedial Action Was 
Performed on the North and South Faces of 
Column 2 

Room 1 - Areas Where Remedial Action Was 
Performed on the North and South Faces of 
Column 3 

Room 1A - Areas Where Remedial Action Was 
Performed on the Floor 

Room 5 - Areas Where Remedial Action Was 
Performed on the Floor Near the Arena 

Rooms 5 and 5B - Areas Where Remedial Action 
Was Performed on the Floor 

Rooms S201 and S202 - Areas Where Remedial 
Action Was Performed on the Floor 

Room 5212 - Areas Where Remedial Action Was 
Performed on the Main Floor and the Recessed Floor 

Room S213 - Areas Where Remedial Action Was 
Performed on the North Wall 

Hallway Outside Room S213 - Area Where Remedial 
Action Was Performed on the Floor 

Room S215 - Area Where Remedial Action Was 
Performed on the Floor 

Room S234 - Area Where Remedial Action Was 
Performed on the Floor 

.-.--~---- .a -- 

V 

II-319 

Page 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 



LIST OF TABLES 

Table 

2-1 

4-1 

4-2 

4-3 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 Post-Remedial Action Measurements for Room S212 

Title Page 

Summary of Residual Contamination Guidelines 
for the National Guard Armory 

Results of the Radiological Survey of the 
Catch Basins in the Catch Basin System 

Radionuclide concentrations in Soil Samples 
Taken Under Catch Basin 3 

Beta-Gamma Values for the Main Line in the 
Catch Basin System 

Radionuclide Concentrations in Composite Soil 
Samples Taken Under the Main Line Between 
Catch Basins 3 and 4 

Beta-Gamma Values for the Laterals connected to 
the Catch Basin System 

Summary of the Radiological Condition of the 
Ceiling in Room 1 

Post-Remedial Action Measurements for Room 5B 52 

Post-Remedial Action Measurements for Rooms S201 
and S202 

vi 

n-320 
_.-.. -. 

6 

44 

47 

48 

49 

50 

51 

53 

54 

_- 

A__-_ . .._. -1-1 



_I- 

I_ 

w... 

a_ 

I. 

cm 

cm 2 

cm 
dpm 
dpm/lOO cm2 

ft 

9 
91 
in. 

m i 

IJ R/h 
m rad 
m rad/h 
m rad/h/m2 
m rem  
m rem /yr 

Xi/g 
Y r 

ABBREVIATIONS 

centimeter 
square centimeter 
counts per m inute 
disintegrations per m inute 
disintegrations per m inute per 
100 square centimeters 
foot 
grams  
gallon 
inch 
liter 
meter 
square meter 
m ile 

m icroRoentgens per hour 
m illirad 
m illirad per hour 
m illirad per hour per square meter 
m illirem  
m illirem  per year 
picocuries per gram  
year 

vii 
II-321 

l.ll_ ,” ll-l-_-._-_ -  ” 



1.0 INTRODUCTION 

This report documents the radiological condition of the National Guard 
Armory site in Chicago, Illinois, following remedial action. The 

remedial action was conducted by Bechtel National, Inc. (BNI) from 
April 1987 to July 1987. The work was performed under the Formerly 
Utilized Sites Remedial Action Program (FUSRAP), a U.S. Department of 
Energy (DOE) program to identify, decontaminate, or otherwise control 
sites where residual radioactive contamination (exceeding current 
guidelines) remains from the early years of the nation's atomic energy 
program. BNI is the Project Management Contractor for DOE and 
represents DOE in the planning, management, and implementation of 
FUSRAP. 

1.1 LOCATION AND DESCRIPTION 

The National Guard Armory site is located at East 52nd Street and 
Cottage Grove Avenue, approximately 6 mi south of the downtown 
business district of Chicago, Illinois (Figure l-l). The site is an 

active facility, presently occupied by the Illinois National Guard, 
1st and 2nd Battalion, 178th Infantry, and 122nd Field Artillery. 

The National Guprd Armory is a 230-ft by 620-ft concrete building with 
stone outer walls. A 230-ft by 360-ft arena with a ceiling more than 
100 ft high occupies the center of the building. Stadium bleachers 

are located on the east and west sides of the arena. Before the dirt 

floor was surfaced with concrete, the arena was used by the cavalry to 

train horses and later for playing polo (Ref. 1). The north and south 

ends of the building are divided into four floors that contain 
offices, classrooms, storage areas, and garages (Figure l-2). 

1.2 SITE HISTORY 

In 1942, the Manhattan Engineer District (MED) leased the National 
Guard Armory to alleviate space shortages at the nearby University of 
Chicago where research was being conducted by the university and 
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th e  M E D  M e ta l lurg ica l  Labo ra tory. A va i lab le  co r respondence  
ind icates th a t th e  N a tiona l  G u a r d  A rmory  was  used  pr imar i ly  fo r  th e  
s to rage a n d  p rocess ing  o f u r an i um  m e tal. Records  ind icate th a t in  
1 9 4 3  th e  N a tiona l  G u a r d  A rmory  was  th e  cen tral p r o cu remen t a n d  
sh ipp ing  locat ion fo r  th e  M e ta l lurg ica l  Labo ra tory. In  1 9 5 1 , th e  
A to m ic Ene rgy  C o m m iss ion ( A E C ) , wh ich  succeeded  th e  M E D , te rm ina te d  
th e  use  o f th is  facility, a n d  th e  p rope r ty was  re tu r ned  to  th e  S ta te  
o f I l l inois. 

It is suspec te d  th a t m o s t o f th e  M E D  ac tivities we re  car r ied  o u t in  
th e  a r ena  a n d  th e  sou th  h e a d h o u s e . The  a r ena  was  p robab ly  used  fo r  
b o th  chemica l  p rocess ing  a n d  m e ta l  cast ing o f u r an i um . The  a rmory  
s to re room (be l ieved  to  b e  R o o m  1)  was  appa ren tly u sed  to  store 
u r an i um  shav ings  a n d  g r ind ing  was te . O n e  o f severa l  u ran i um  fires 
in  th e  a rmory  was  repo r te d  to  have  occu r red  in  th e  no r theas t co rne r  
o f th is  r o o m  (Re f. 1 ) . O the r  po r tions  o f th e  sou th  h e a d h o u s e , 
pa r t icular ly th e  wes t ha l f o f th e  g r ound  floo r , we re  appa ren tly u sed  
fo r  sh ipp ing , receiv ing,  a n d  storage.  

W h e n  ope ra tions  ceased  a t th e  N a tiona l  G u a r d  A rmory , s o m e  e ffo r t was  
appa ren tly m a d e  to  decon ta m ina te  th e  facility. A fte r  th e  M E D  
te rm ina te d  its use  o f th e  facility, con ta m ina te d  soi l  from  th e  a r ena  
was  r emoved  a n d  d i sposed  o f. Howeve r , n o  records  o f. th is  ope ra tio n  
cou ld  b e  located.  L a te r , m o r e  soi l  was  r emoved , a n d  a  conc re te  p a d  
was  instal led. Conve rsa tions  with pe rsonne l  w h o  wo rked  a t th e  
facil i ty revea led  th a t a n  e ffo r t h a d  b e e n  m a d e  to  decon ta m ina te  s o m e  
b leachers  in  th e  a r ena ; howeve r , n o  records  o f rad io log ica l  surveys  
o r  decon ta m ina tio n  e ffo r ts conduc te d  a t th e  facil i ty u p o n  
te rm ina tio n  o f M E D /A E C  ac tivities cou ld  b e  fo u n d  (Re f. 2 ) . 

Du r i ng  1 9 7 7  a n d  1 9 7 8 , A rgonne  N a tiona l  Labo ra tory  (ANL )  pe r fo r m e d  a  
rad io log ica l  survey  o f th e  N a tiona l  G u a r d  A rmory  (Re f. 2 ) . Resu l ts 
o f th is  survey  ind ica ted th a t res idua l  con ta m ina tio n  in  excess  o f 
D O E  gu ide l ines  was  p resen t a t th e  N a tiona l  G u a r d  A rmory . In  Janua ry  
1 9 8 7 , a  m o r e  d e ta i led  charac ter izat ion was  pe r fo r m e d  by  B N I 
(Re f. l), a n d  remed ia l  ac tio n  was  car r ied  o u t from  Apr i l  1 9 8 7  to  
Ju ly  1 9 8 7 . 
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2..0. REMEDIAL ACTION GUIDELINES 

The principal radionuclide of concern at the National Guard Armory 
was uranium-238. A site-specific uranium guideline was derived on 
the basis of very conservative scenarios for future use of the 
National Guard Armory. ANL derived a guideline (Ref. 3) of 
150 pCi/g of uranium-238 in soil on the basis of a scenario in which 
a person would live in the armory, drink water from a shallow 
on-site well, and raise 10 percent of his plant-food diet in an 
on-site garden. DOE residual contamination guidelines governing the 
release of the property for unrestricted use are listed in 
Table 2-l. DOE implemented these guidelines on the basis of their 
compatibility with the criteria used for the same purpose by the 
Environmental Protection Agency (EPA) (Ref. 4). The guidelines 
presented in Table 2-l were applied primarily to surfaces, such as 
walls, ceilings, floors, and columns. On surfaces where 
contamination exceeded the applicable criteria, remedial action was 
performed until measurements indicated that guidelines were met. 

5 
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TABLE 2-1 

SUMMARY OF RESIDUAL CONTAMINATION GUIDELINES FOR THE NATIONAL GUARD ARMORY 

Paae I of 2 

BASIC DOSE LIMITS ..,a 

The basic llmlt for the annual radiation dose reoslved by an lndlvldua 
IO0 mrem/yr . 

SOIL (LAND) GUIDELINES (W\XIMJM LIMITS FOR UNRESTRICTED USE) 

‘I member of the genera 1 Pub IIIC Is 

Radlonucl lde 

Rad i un-226 
Racli urn-228 
Thorlun-230 
Thorium-232 
Urani un-238 
Other red ionucl ides 

Sol I Conasntratlon (pCl/g) above beckgroundasbs c 

5 pCl/g, averaged over the f lrst I5 on of soil below 

the surf aos; I5 pCl/g when averaged over any l5-cm- 
thick soil layer blow the surfaos layer. 

150 pci/g* 
Soil guldellnes will be calculated on a slte-specific 
basis using the DOE manual developed for this use. 

STRUCTURE GUIDELINES (MAXIkUM LIMITS FOR UNRESTRICTED USE) 

Airborne Radon Decay Products 

-. 

Generic guidellnes for concentrations of alrborne radon decay products shall apply to existing occupied 
or habitable structures on prl vate property that are intended for unrestricted use; structures that 
will be demolished or buried are excluded. The applicable generic guldellne (40 CFR 192) Is: In any 
occupied or habltable bul Idlng, the obJective of rcmedisl action shal I be, and reasonable effort shall 
be made to achieve, an annual average (or equivalent) radon decay product aoncentratlon (Including 
background) not to erosed 0.02 WL.d In any case, 
background) shall not exased 0.03 WL. Rmedial a 
guldeline when there Is reasonable assuranos that 

External Ganna Radlatlon 

The average level of ganma radiation Insfde a bul 

tions are not required In order to 
residual radIoactive materials are 

the radon decay product aonaentration (including 
azxnply with this 
not the cause. 

dlng or habltable structure on a s lte to be released 

,- 
for unrestricted use shall not exoeed the background level by more than 20uR/h. 

Indwr/Cutdoor Structure Surface Contsnlnation 
. - 

Redlonucl ldef 

Transuranlcs, Rs-226, Ra-228, Th-230, Th-228 
Pa-231, Ac~227, I-125, I-129 

Al louable Surfaos Residual Contmninatlone 
(dpm/lOO on21 

Averageg * h Maxlmunh~ ’ Removab leh# J 

100 300 20 

U” 

.-, 

.“.% Th-Natural, Th-232, Sr-90, Ra-223, Ra-224 
U-232, I-126, I-131, I-133 1,000 3,000 200 

-_ *Argonne Nat i ona I Laboratory. Derlvatlon of a Uranlun Residual RadIoactIvIty GuIdelIne for the 
National Guard Armory In Chlcsgo, I I Ilnols, Chlcsgo, IL, May 1987. 
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Page 2 of 2 

TABLE 2-l 

(continued) 

Indoor/Outdoor Structure Surface Contamination (continued) 
Al lowable Surface Residual Contaninatione 

(dpm/lOO cm2) 

Radionucl idef Averag&‘h Msx imumh’ i Removab lehPj 

U-Natural, U-235, U-238, and associated decay 
products 5,000 0 15,000 a 1,000 a 

Beta-gamma emitters (radionuclides rith decay 
modes other than alpha eni ssion or spontaneous 
f Isslon) except Sr-90 and others noted above 5,000!3-Y 15,000 B-Y l,OOOB-Y 

‘These guidelines take into account ingrowth of radium-226 from thorium-230 and of radium-228 from 
thorium-232, and assume secular equi I ibrium. If either thorium-230 and radium-226 or thorium-232 
and radium-228 are both present, not in secular equl I ibrium. the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the conosntrations of individual 
radionuclides shall be reduced so that the dose for the mixtures will not exceed the basic dose 
I imit. 

bThese guidelines represent unrestricted-use residual conentrations above background averaged across 
any l5-an-thick layer to any depth and over any contiguous 100111~ surfaos area. 

'Localized concentrations in excess of these Ilmits are allowable provided that the average over a 
LOO-m2 area is not exceeded. 

dA working level (WL) is any aJnbinstion of short-lived radon decay products in I liter of air that 
wi II result in the ultimate emission of I.3 x IO5 MeV of potential alpha energy. 

“As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive 
material as determined by arrectlng the aunts per minute observed by an appropriate detector for 
babground, ef f I ciency, and geometric factors associated with the instrumentation. 

fWhere surface aontaination by both alpha- and bets-gama-emitting radionuclides exists, the limits 
established for alpha- and bets-gamna-enitting radionuclides should apply independently. 

%eeasurements of average contsnlnation sbuld not be averaged over more than I m2. For objects of 
less surface area, the average shsl I be derived for each such object. 

hThe average and maximum radiatlon levels associated ulth surfeoe oontuninstlon resulting fran 
bets-g-8 rmltters should not exceed 0.2 mrad/h end 1.0 mrad/h, respectively, at I cm. 

lThe maximun contrmlnstlon level applies to an area of not more than 100 cm2. 

JThe mount of removable radioactive me-terlal per 100 cm2 of surface area should be determined by 
ulping that area with dry f I lter or soft absorbent paper, applying moderate pressure, and measuring the 
unount of rsdIosct1~ material on the ripe with an appropriate lnstrunent of known efficiency. When 

removable a&air&ion on obJetis of surface ares less than 100 an2 Is determined, the sdlvlty per 
unit ares should be based on the actual area and the entlre surface should be wiped. The numbers in 
this aolunn are maximun unounts. 
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3 .O REMEDIAL ACTION 

After determining that the National Guard Armory was contaminated, 
DOE designated the building for remedial action. Because the armory 
was found to be contaminated in excess of DOE guidelines, it was 
eligible for remedial action under FUSRAP. Radiological surveys 
determined that a total of 12 rooms and one isolated area outside 
the armory would require remedial action. Plan views of the first 
and second floors of the south headhouse are shown in Figures 3-l 
and 3-2. Surface contamination was present on either the floor, 
walls, or ceiling in all 12 rooms. Furthermore, contaminated 
sludges were found in the catch basin system in Rooms 1, lo, and 5. 
Detailed figures indicating the areas where remedial action was 
performed inside the armory are provided in Sections 4.1 and 4.2. 
The soil in one area outside the west wall of Room 1 was found to be 
contaminated with uranium in concentrations in excess of 150 pci./g 
(Ref. 3). Figure 3-3 indicates the location of this area outside 
the building. 

The National Guard was notified when DOE designated the armory for 
remedial action, and BNI began engineering design and related 
activities to perform the remedial action. 

3.1 REMEDIAL ACTION ACTIVITIES 

Remedial action consisted of the removal of radioactive 
contamination from the contaminated areas. Four types of remedial 
action were performed at the National Guard Armory. 

The first type of remedial action was the decontamination of 
surfaces with removable contamination by vacuum with a 
high-efficiency filtered exhaust or by cleaning the area with a 
cloth. This type of remedial action was conducted on the ceiling in 
Room 1. 
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- -  

. I n .  

T h e  s e c o n d  ty p e  o f re m e d i a l  a c ti o n  w a s  th e  d e c o n ta m i n a ti o n  o f 
s u rfa c e s  w i th  fi x e d  c o n ta m i n a ti o n  b y  s a n d i n g , g r i n d i n g , o r s c a b b l i n g  
th e  a re a s  o f c o n ta m i n a ti o n . It w a s  n e c e s s a ry  to  c u t th e  c o n c re te  
a l o n g  a  j o i n t o r a  c ra c k  to  re m o v e  a l l  re s i d u a l  c o n ta m i n a ti o n  i n  
s o m e  p l a c e s . T h e s e  a c ti v i ti e s  w e re  c o n d u c te d  i n  R o o m s  1 , l A , l E , 5 , 
5 B , S 2 0 1 , S 2 0 2 , S 2 1 2 , S 2 1 3 , S 2 1 5 , a n d  S 2 5 0 . 

-  

T h e  th i rd  ty p e  o f re m e d i a l  a c ti o n  i n v o l v e d  th e  re m o v a l  o f 
c o n ta m i n a te d  s l u d g e s . T h e s e  s l u d g e s  c o n ta i n e d  m i x e d  w a s te  a n d  h a d  a  
v e ry  l o w  i g n i ti o n  te m p e ra tu re  (7 2 O F ). T h e  d e c o n ta m i n a ti o n  p ro c e s s  
re q u i re d  s e v e ra l  s te p s . F i rs t, th e  s l u d g e s  w e re  re m o v e d  fro m  th e  
s i x  c a tc h  b a s i n s  u s i n g  a  n o n -s p a rk i n g  s h o v e l . T h e n  th e  c a tc h  b a s i n  
w a l l s  w e re  s a n d b l a s te d  to  re m o v e  a l l  c o n ta m i n a ti o n  a d h e ri n g  to  th e  
w a l l s . F i n a l l y , a  h i g h -p re s s u re , l o w -v o l u m e  w a te r p i p e  c l e a n i n g  
s y s te m  w a s  u s e d  to  d e c o n ta m i n a te  a l l  p i p e s  e x te n d i n g  fro m  e a c h  c a tc h  
b a s i n . A  p o rti o n  o f th e  m a i n  p i p e  b e tw e e n  C a tc h  B a s i n s  3  a n d  4  
c o u l d  n o t b e  d e c o n ta m i n a te d  w i th  th e  p i p e  c l e a n i n g  s y s te m  a n d  w a s  
re m o v e d  a n d  d i s p o s e d  o f. 

T h e  fo u rth  ty p e  o f re m e d i a l  a c ti o n  c o n d u c te d  a t th e  s i te  w a s  th e  
.- re m o v a l  o f c o n ta m i n a te d  s o i l  b y  s h o v e l . T h i s  a c ti v i ty  w a s  c o n d u c te d  

a t th e  l o c a ti o n  o u ts i d e  th e  b u i l d i n g  a n d  b e tw e e n  C a tc h  B a s i n s  3  a n d  
4  (w h e re  th e  m a i n  p i p e  w a s  re m o v e d ) a s  re q u i re d . 

W a s te  fro m  a l l  th e s e  re m e d i a l  a c ti o n  a c ti v i ti e s  w a s  p l a c e d  i n  5 5 -g a l  
s te e l  d ru m s  fo r d i s p o s a l . A l l  th e  w a te r g e n e ra te d  fro m  th e  re m e d i a l  
a c ti o n  a c ti v i ti e s  w a s  a l s o  p l a c e d  i n  d ru m s  a n d  te m p o ra r i l y  s to re d  
o n -s i te . 

3 .2  C O N T A M IN A T IO N  C O N T R O L  D U R IN G  R E M E D IA L  A C T IO N  

D u ri n g  re m e d i a l  a c ti o n  o p e ra ti o n s , m e a s u re s  w e re  ta k e n  to  p re v e n t 
th e  s p re a d  o f c o n ta m i n a ti o n  a n d  to  k e e p  e x p o s u re  ra te s  a s  l o w  a s  
p o s s i b l e  fo r th e  b u i l d i n g  o c c u p a n ts , i n c l u d i n g  th e  re m e d i a l  a c ti o n  
w o rk e rs . M e a s u re s  w e re  a l s o  ta k e n  to  m o n i to r a i rb o rn e  ra d i o a c ti v i ty  
re s u l ti n g  p r i m a ri l y  fro m  d u s t a n d  to  l i m i t p e rs o n n e l  e x p o s u re  to  
o rg a n i c  v a p o rs  fro m  th e  s l u d g e s . 
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The following contamination control measures were implemented during 
remedial action at the National Guard Armory: 

0 All sanding, scabbling, grinding, 
containment box, 

or cutting was done in a 
a cardboard or plywood box with a plastic 

top that permitted the operator to use the proper equipment. 
The top also had an opening for the hose of the high- 
efficiency filtered exhaust vacuum, 
for dust control. 

which was used primarily 

0 All personnel working around an operation that could produce 
dust or organic vapors wore respiratory protection. 
dusty operations, 

For 
a full-face respirator was used, and for 

operations involving organic vapors, supplied air was used. 

0 In Room 1, where large amounts of removable contamination 
were present and the possibility of organic vapors existed, a 
control area was established. The room was isolated from the 
rest of the armory by a partition made of sheets of plastic. 
This controlled area served as the only access and egress 
from the contaminated area, and all personnel and equipment 
leaving this area were checked for contamination. 
Room 1 were subdivided, as needed, 

Parts of 
to allow the work to 

progress. 

Continuous air sampling was performed at several points within the 
building to ensure that these contamination control measures were 
successful. 
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4.0 ,POST-REMEDIAL ACTION MEASUREMENTS 
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Post-remedial action measurements were taken in all areas where 
remedial action was performed. These areas include the catch basin 
system, rooms in which remedial action was conducted, and the area 
outside the building where contaminated soil was removed. These 
measurements consisted primarily of direct alpha and beta-gamma 
readings. The direct beta-gamma readings are reported to the 
nearest 0.01 mrad/h. W ipes were used when direct readings indicated 
that an area exceeded guidelines for removable contamination, and 
soil samples were taken in areas where soil was excavated or 
disturbed. 

In the tables at the end of this section, use of the “less than” 
( ( ) notation in reporting results indicates that the radionuclide 
was not present in concentrations that are quantitative with the 
instruments and techniques used. The less than value represents the 
lower bound of the quantitative capacity of the instrument and 
technique used and is based on various factors, including the 
volume, size, and weight of the sample; the type of detector used; 
the counting time, and the background count rate. The actual 
concentration of the radionuclide is less than the value indicated. 
In addition, since radioactive decay is a random process, a 
correlation between the rate of disintegration and a given 
radionuclide concentration cannot be precisely established. For 
this reason, the exact concentration of the radionuclide cannot be 
determined. As such, each value that can be quantitatively 
determined has an associated uncertainty term ‘<z), which represents 
the amount by which the actual concentration can be expected to 
differ from the value given in the table. The uncertainty term has 
an associated confidence level of 95 percent. 

All the beta-gamma measurements are reported without instrument 
background levels having been subtracted. All these measurements 
were taken with portable handheld instruments. Background 
measurements recorded with such instruments can vary from room to 
room because of the use of different instruments in the various 
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rooms, the occurrence of small changes in the response of the 
instrument (i.e., new batteries), and small day-to-day changes in 
the ambient background. Slight variations between background 
measurements for different rooms can result from these factors. 

The average background concentrations measured in the surface soil 
at the five background locations were less than detectable for 
uranium-238, 1.0 pCi/g for radium-226, and 1.2 pCi/g for thorium-232 
(Ref. 1). 

The following subsections describe in more detail the methods of 
sampling performed in each area and the results of the sampling. 
Figures and tables for these areas are grouped at the end of this 
section. 

4.1 THE CATCH BASIN SYSTEM 

The part of the catch basin system where remedial action was 
performed consists of six interior catch basins connected by a cast 
iron main line with a 6-in. interior diameter. No contamination had 
been found in catch Basin 7 (the exterior manhole). Figure 4-l 
shows the catch basin configuration and indicates the position of 
the main line. Several 4-in. lateral pipes are connected to each 
catch basin. These lateral pipes at one time serviced floor drains 
in Rooms 1 and 5; however, at some point in the past, the lateral 
pipes were filled with grout, and the floor drain openings were 
covered. Except for a small section, each lateral pipe is filled 
with grout. An additional 4-in. lateral joined the main line 
between Catch Basins 3 and 4. This lateral serviced a floor drain 
in Room 5B that had been covered over. The remainder of the catch 
basin system consists of three grease traps connected to Catch 
Basin 6. 

Post-remedial action measurements were taken inside all of the catch 
basins except Catch Basin 3, which was removed and replaced. 
Measurements consisted of direct alpha and beta-gamma readings. 
Figure 4-2 shows the measurement locations; the average, maximum, 
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a n d  m inim u m  read ings  fo r  each  wal l  a n d  th e  floo r  a re  p resen te d  in  
Tab le  4 -1 . In  add i tio n  to  these  direct  read ings , th e  e n tire ins ide  
sur face o f each  ca tch bas in  was  scanned  to  ensu re  th a t th e  sur face 
read ings  we re  b e l o w  D O E  gu ide l ines.  

A fte r  C a tch Bas i n  3  was  r emoved , soi l  samp les  we re  co l lected to  
veri fy th a t th e  soi l  a r ound  a n d  unde r nea th  th e  ca tch bas in  h a d  n o t 
b e c o m e  con ta m ina te d . Ana lys is  resul ts o f these  samp les  (Tab le  4 -2 )  
ind icate th a t th e  soi l  was  uncon ta m ina te d . 

P o s t-remed ia l  ac tio n  m e a s u r e m e n ts we re  ta ken  ins ide  th e  m a in l ine 
b e tween  al l  th e  ca tch basins,  excep t fo r  pa r t o f a  sect ion b e tween  
C a tch Bas ins  3  a n d  4 , wh ich  was  r emoved  a n d  rep laced . Direct  
b e ta - g a m m a  m e a s u r e m e n ts we re  ta ken  a t 6- in.  intervals a l ong  th e  
l eng th  o f th e  l ine with th e  p r obe  face  o r ien te d  in  fou r  di f ferent 
d i rect ions ( up , d o w n , r ight, a n d  left). The  ave rage , m a x i m u m , a n d  
m inim u m  b e ta - g a m m a  va lues  fo u n d  a l ong  th e  l ine b e tween  ad jacen t 
ca tch bas ins  a re  p resen te d  in  Tab le  4-3.  A ll m e a s u r e m e n ts ta ken  
a l ong  th e  m a in l ine ave raged  less th a n  0 .2  m rad /h /m 2 . In  th e  a rea  
whe re  th e  m a in l ine was  r emoved  b e tween  ca tch Bas ins  3  a n d  4  
(F igure  4-l),  fou r  compos i te  soi l  samp les  we re  ta ken  to  veri fy th a t 
th e  soi l  h a d  n o t b e c o m e  con ta m ina te d  du r i ng  remed ia l  ac tio n . 
Resu l ts o f th e  ana lys is  o f these  samp les  a re  p resen te d  in  Tab le  4 -4 . 

The  m a in l ine b e tween  ca tch Bas ins  3  a n d  4  is connec te d  to  a  smal l  
la teral  l ine  (4- in.  i nne r  d i a m e ter )  or ig inat ing from  a  floo r  d ra in  
in  R o o m  5 B . Th is  sect ion o f p i pe  was  exam ined  a t b o th  th e  
connec tio n  to  th e  m a in l ine a n d  a t th e  floo r  d ra in . The  floo r  d ra in  
was  r emoved  to  e xam ine  th is  p i pe  a t th e  floo r  d ra in  e n d . N O  

con ta m ina tio n  was  fo u n d  a t e i ther  e n d  o f th is  l ine. 

P o s t-remed ia l  ac tio n  m e a s u r e m e n ts we re  ta ken  ins ide  th e  laterals 
connec te d  to  th e  ca tch bas ins  excep t fo r  those  connec te d  to  C a tch 
Bas ins  1  a n d  6 . M e a s u r e m e n ts we re  n o t ta ken  in  these  laterals, 
because  th e  g r ou t used  to  sea l  th e  floo r  d ra ins  h a d  a lso  c losed  o ff 
th e  open ings  ins ide  ca tch Bas i n  1 , a n d  n o  con ta m ina tio n  h a d  b e e n  
fo u n d  in  C a tch Bas i n  6 . 
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Readings were taken.at 6-in. intervals with the probe face oriented 
in two different directions (up and down). The average, maximum, 
and minimum beta-gamma values for each lateral are presented in 
Table 4-5. 

Measurements taken inside the grease traps indicated that no 
contamination was present; therefore, no remedial action was 
performed. 

4.2 ROOMS WHERE REMEDIAL ACTION WAS PERFORMED 

Remedial action was performed in 12 rooms and one hallway. All 
remedial action consisted of decontaminating sections of walls, 
floors, and the ceiling in the various rooms. The following 
subsections describe in more detail the post-remedial measurements 
performed in each room. 

4.2.1 Room 1 

In Room 1, remedial action was performed to decontaminate the 
ceiling, portions of the floor, portions of the walls, and sections 
of three columns in the room. Post-remedial action measurements 
included both direct alpha and beta-gamma readings. 

A total of 2,576 direct alpha and beta-gamma readings were taken on 
the honeycomb section ceiling in Room 1, which covers nine bays 
(Figure 4-3). The average, maximum, and minimum readings for each 
bay were calculated by averaging the measurements from all the 
sections in each respective bay (Table 4-6). In addition to the 
large number of direct readings taken, the entire ceiling was 
scanned for both alpha and beta-gamma activity to ensure that no hot 
spots remained. Areas in which contact readings indicated 
concentrations in excess of guidelines for removable contamination 
were wiped to ensure that the activity was not removable. The 
removable alpha activity concentrations measured with the wipes 
ranged from 3 to 132 dpm (guidelines are presented in Table 2-l). 
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All the wipes had concentrations below DOE guidelines for removable 
activity on surfaces. 

Remedial action was performed on portions of the floors in Room 1 to 
clean small spots along cracks and in areas where uranium ore had 
been stored (Figures 4-4 through 4-9). The entire floor was checked 
to ensure that all contamination in excess of guidelines had been 
removed from the spots on the floor and that the floor had not 
become contaminated during the remedial action performed on the 
catch basin system. Post-remedial action measurements of the floor 
of Room 1 consisted of 3,438 direct alpha and beta-gamma 
measurements. The average, maximum, and minimum alpha activity 
readings were 45, 331, and 22 dpm/lOO cm2, respectively. The 
average, maximum, and minimum beta-gamma level readings were 0.03, 
0.13, and 0.02 mrad/h, respectively. (Background, 0.02 mrad/h, has 
not been subtracted.) 

Remedial action was performed on several very small areas on 
Columns 1, 2, and 3 on the east side of Room 1 and on the upper 
surface of Column 3 from 17 ft above the floor to the ceiling 
(Figures 4-10 through 4-12). Post-remedial measurements taken on 
the columns consisted of direct alpha and beta-gamma readings. The 
average, maximum, and minimum alpha activity readings for Column 1 
were 22, 101, and 18 dpm/lOO cm2, respectively. The average, 
maximum, and minimum beta-gamma level readings for Column 1 were 
0.03, 0.10, and 0.02 mrad/h,'respectively. For Column 2, the 
average, maximum, and minimum alpha activity readings were 19, 35, 
and 18 dpm/lOO cm2, respectively. The average, maximum, and 
minimum beta-gamma level readings for Column 2 were 0.03, 0.04, and 
0.02 mrad/h, respectively. For Column 3, the average, maximum, and 
minimum alpha activity readings were all 18 dpm/lOO cm2. The 
average, maximum, and minimum beta-gamma levels for Column 3 were 
0.03, 0.03, and 0.02 mrad/h, respectively. (Background, 
0.03 mrad/h, has not been subtracted.) 
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4.2.2 Room 1A 

Two areas on the floor in Room 1A required remedial action 
(Figure 4-13). Post-remedial action measurements in this room 
consisted of direct alpha and beta-gamma readings. The entire floor 
was surveyed to ensure that all areas of contamination on the floor 
had been removed during remedial action. The average, maximum, and 
minimum alpha activity readings were 69, 153, and 20 dpm/lOO cm2, 
respectively. The average, maximum, and minimum beta-gamma level 
readings in Room 1A were 0.03, 0.08, and 0.03 mrad/h, respectively. 
(Background, 0.02 mrad/h, has not been subtracted.) 

4.2.3 Room ID 

The remedial action carried out in Room 1D consisted of removing 
part of the 6-in. main line between catch Basins 3 and 4. Remedial 
action performed on the catch basin system is discussed in 
Section 4.1. 

4.2.4 Room 1E 

Two areas on the floor in Room 1E required remedial action 
(Figure 4-9). Post-remedial action measurements taken in this room 
consisted of direct alpha and beta-gamma readings. The entire floor 
was surveyed to ensure that all contaminated areas on the floor were 
removed during remedial action. The average, maximum, and minimum 
alpha activity readings were 32, 108, and 25 dpm/lOO cm2, 
respectively. The average, maximum, and minimum beta-gamma level 
readings in Room 1E were 0.03, 0.06, and 0.02 mrad/h, respectively. 
(Background, 0.02 mrad/h, has not been subtracted.) 

4.2.5 Room 5 

Three areas on the floor in Room 5 required remedial action 
(Figures 4-14 and 4-15). Post-remedial action measurements for 
these areas consisted of direct alpha and beta-gamma measurements. 
The results of all alpha measurements taken in this room were 
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indistinguishable from background count rates. Similarly, all but 
one of the beta-gamma readings were indistinguishable from 
background level. The one beta-gamma reading that differed from 
background level was 0.05 mrad/h. (Background, 0.03 mrad/h, has not 
been subtracted.) 

4.2.6 Room 5B 

Several small areas on the floor and walls in Room 5B required 
remedial action (Figure 4-15). The post-remedial action 
measurements taken in this room consisted of direct alpha and 
beta-gamma readings. The average, maximum, and minimum alpha and 
beta-gamma activity readings for each wall are reported in 
Table 4-7. Room 5B also contained a floor drain that was connected 
to the catch basin system. The drain was removed, and the 
connecting pipe was checked for contamination. All of the 
measurements taken were below guidelines. 

4.2.7 Rooms S201 and S202 

Four areas on the floor in Rooms S201 and S202 required remedial 
action (Figure 4-16). Area I covered approximately 54 ft2 
(5 m2), Area II covered approximately 2.6 ft2 (0.24 m2), 

Area III covered approximately 4.0 ft2 (0.37 m2), and Area IV 
covered approximately 7.6 ft2 (0.7 m2). Post-remedial action 
measurements taken in these areas consisted of direct alpha and 
beta-gamma readings. The average, maximum, and minimum alpha and 
beta-gamma readings for each area are presented in Table 4-8. 

4.2.8 Room S212 

Three areas in Room 5212 required remedial action (Figure 4-17). 
The floor in this room is not all on the same level: the northeast 
corner of the floor is recessed approximately 15 in. (38 cm) below 
the level of the main floor. Areas I and II are on the main floor 
level and are very small areas [both less than 1.1 ft2 
(0.1 m2)J. The third area where remedial action was performed 
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extends from the main floor level into the recessed area. The 
average, maximum, and minimum alpha and beta-gamma readings for 
these areas are presented in Table 4-9. Data for the area that 
covers two floor levels are provided separately for Area III, the 
area on the level of the main floor; the west and south walls, which 
extend from the main floor down into the recessed floor; and the 
area with the recessed floor. All these measurements were direct 
contact readings and are below DOE guidelines. 

4.2.9 Room S213 

Two small areas of contamination on the north wall in Room S213 
required remedial action (Figure 4-18). Post-remedial action 
measurements were taken on the 6-ft by 3-ft (2-m by l-m) section of . 
the wall where the two contaminated areas had been, to verify that 
all contamination in excess of guidelines had been removed. 
Post-remedial action measurements consisted of direct alpha and 
beta-gamma readings. The average, maximum, and minimum alpha 
activity readings were 45, 206, and 24 dpm/lOO cm2, respectively. 
The average, maximum, and minimum beta-gamma level readings were 
0.04, 0.05 and 0.02 mrad/h, respectively. (Background, 0.02 mrad/h, 
has not been subtracted.) 

4.2.10 Hallway outside Room S213 

A small area on the floor in the hallway outside Room S213, 
approximately 3.2 f t2 (0.3 m2), required remedial action 
(Figure 4-19). Post-remedial action measurements taken in this area 
consisted of direct alpha and beta-gamma readings. Results of this 
survey indicated an average alpha activity of less than 
26 dpm/lOO cm2 and an average beta-gamma reading of 0.03 mrad/h. 
(Background, 0.02 mrad/h, has not been subtracted from this average.) 

4.2.11 Room S215 

One area of contamination on the floor of the southeast corner of 
Room S215 required remedial action (Figure 4-20). Post-remedial 
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action measurements,were taken over a 43-ft2 (4-m2) area where 
the contaminated area had been, to verify that all contamination had 
been removed. Post-remedial action measurements consisted of direct 
alpha and beta-gamma readings. The average, maximum, and minimum 
alpha activity readings were 11, 33, and 5 dpm/lOO cm2, 
respectively. The average, maximum, and minimum beta-gamma level 
readings were 0.03, 0.06, and 0.01 mrad/h, respectively. 
(Background, 0.03 mrad/h, has not been subtracted.) 

4.2.12 Room S234 

A rectangular area of contamination on the floor in Room S234 
required remedial action (Figure 4-21). Post-remedial action 
measurements taken in this area consisted of direct alpha and 
beta-gamma readings. The average, maximum, and minimum alpha 
activity readings were 34, 71, and 20 dpm/lOO cm2, respectively. 
The average, maximum, and minimum beta-gamma level readings were 
0.03, 0.03, and 0.02 mrad/h, respectively. (Background, 
0.02 mrad/h, has not been subtracted). 

4.3 OUTSIDE AREA 

One area outside the west wall of Room 1 was found to be 
contaminated with radium-226 during the characterization survey. 
The radium-226 contamination is believed to have originated from a 
radium dial found buried in the center of the area where remedial 
action was performed (Figure 3-3). Because the area was small, 
approximately 51 f t2 (4.7 m2) and 12 in. (30 cm) deep, it was 
decontaminated as part of the characterization survey. Analysis 
results of post-remedial action soil samples from this area 
indicated average, maximum, and minimum concentrations (including 
background) of 0.7, 0.8, and 0.6 pCi/g for radium-226, 
respectively. All soil samples indicated uranium-238 concentrations 
at background level. 
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TABLE 4-1 
RESULTS OF RADIOLOGICAL SURVEY OF THE CATCH BASIBS 

IN THE CATCH BASIN SYSTEM 

CATCH BASIN 1 

Alpha Activity 
(dpm/lOO cm*) 

Beta-Gamma Activity 
brad/h)* 

Average Maximum Hinirrmm Average Haximm Uinimum 

Uorth Wall 
East Wall 
South Wall 
West Wall 

Floor 

68 98 <36 <o.*o+ U/A U/A 
43 62 ~36 <0.20 + U/A U/A 
39 49 <36 <0.20 + N/A N/A 
40 49 <36 <0.20 4 U/A N/A 

- 51 123 <36 <0.03 0.05 <0.03 

CATCH BASIU 2 

Alpha Activity 
(dpm/lOO cm*) 

Beta-Gamma -Activity 
brad/h)* 

Average Maximum Minimum Average Xaximum I4inimum 

Uorth Wall 88 191 <36 0.04 0.05 0.03 

East Wall 63 110 ~36 0.06 0.07 0.04 

South Wall 120 294 41 0.06 0.12 0.05 
West Wall 115 260 <36 0.06 0.09 0.03 
Floor 69 99 <36 0.06 0.14 <0.03 
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TABLE 4-l 
(Continued) 

CATCH BASIU 4 

Alpha Activity 
(dpm/lOO cm*) 

Beta-Gamma Activity 

(mrad/h)* 

Average Maximum Uinimum Average Uaximum Hinimum 

Uorth Wall 34 45 <30 0.03 0.04 <0.03 

East Wall 100 294 <30 0.06 0.13 <0.03 

South Wall 38 45 <30 0.04 0.04 0.03 
West Wall 81 121 45 0.06 0.12 <0.03 

Floor 48 99 <30 0.04 0.06 0.03 

CATCH BASIN 5 

Alpha Activity 
(dpm/lOO cm*) 

Beta-Gamma Activxty 
(mrad/h)* 

Average Uaximum Uinimum Average Uaximum Uinimum 

Uorth Wall 76 164 <34 0.04 0.05 0.02 

East Wall 44 69 <34 0.04 0.04 0.02 
South Wall 74 101 <34 0.04 0.05 0.02 

West Wall 110 164 69 0.06 0.08 0.02 

Floor 47 111 <34 0.10 0.13 0'.04 
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TABLE 4-l 
(Continued) 

CATCH BASIN 6 

Alpha Activity 
(dpm/lOO cm2) 

Beta-Gamma Activity 
(mrad/h)* 

Uorth Wall 
East Wall 
South Wall 
West Wall 
Floor 

Average Maximum Minimum Average 

41 52 <37 <0.20 + 

37 41 <37 co.20 + 

41 52 <37 <0.20 + 

55 109 <37 <0.20 + 

44 64 <37 co.06 + 

Xaximum 

U/A 
U/A 
U/A 
U/A 

0.07 

Minimum 

U/A 
U/A 
U/A 
U/A 

0.04 

*Background, 0.02 mrad/h, has not been subtracted. 
+Area was checked only to ensure that guidelines were met. 
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TABLE 4-2 
RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 

TAKEN UNDER CATCH BASIN 3 

Sample Location 
Concentration (Xi/a)* 

Uranium-238 Radium-226 Thorium-232 

Northwest Corner 
of Catch Basin 3 <5 0.8 1.2 

Northeast Corner 
of Catch Basin 3 cl0 1.1 1.1 

Southwest Corner 
of Catch Basin 3 <6 1.9 2.0 

Southeast Corner 
of Catch Basin 3 <4 0.7 <l 

*Samples were counted wet; background level has not been subtracted. 

I- 

I_ 
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TABLE 4-3 
BETA-GAMMA VALUES FOR THE MAIN LINE 

IN THE CATCH BASIN SYSTEM 

Line 
Background Averagea Maximuma Minimuma 

(mrad/h) (mrad/h) (mrad/h) (mrad/h) 

Catch Basin 1 
to Catch Basin 2 0.07 0.16 0.26 0.04 

Catch Basin 2 
to Catch Basin 3 0.06 0.16 0.38 0.10 

Catch Basin 3 
to Catch Basin 4 0.10 0.28 0.93 0.13 

Catch Basin 4 
to Catch Basin 5 0.07 0.16 0.59 0.08 

Catch Basin 5 
to Catch Basin 6 0.06 0.10 0.12 0.07 

aBackground has not been subtracted. 
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TABLE 4-4 
RADIONUCLIDE CONCENTRATIONS IN COMPOSITE SOIL SAMPLES 

TAKEN UNDER THE MAIN LINE BETWEEN CATCH BASINS 3 AND 4 

Sample Location Uranium-238 
Concentration (Xi/g)* 

Radium-226 Thorium-232 

0 to 10 ft east of 
Catch Basin 3 <5 0.5 0.7 

10 to 20 ft east of 
Catch Basin 3 <8 0.9 1.1 

20 to 30 ft east of 
Catch Basin 3 <6 0.7 0.7 

30 to 37 ft east of 
Catch Basin 3 <14 1.2 1.3 

*Samples were counted wet; background level has not been subtracted. 
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TABLE 4-5 
BETA-G- VALUES FOR THE LATERALS CONNECTED 

TO THE BASIN SYSTEM 

Location Average (mrad/h) Maximum (mrad/h) Minimum (mrad/h) 

Catch Basin 1 U/A U/A B/A 

Catch Basin 2 

Uorthwest lateral 0.06 
Southwest lateral 0.05 
Southeast lateral 0.07 
Uortheast lateral 0.06 

Catch Basin 3 

Uortheast lateral 
Southeast lateral 

Catch Basin 4 

Northeast lateral 
Southwest lateral 
Southeast lateral 

0.04 

0.04 

0.04 

0.04 

0.04 

0.13 
0.14 
0.10 
0.07 

0.09 

0.10 

0.07 

0.07 

0.09 

0.03 
0.03 
0.03 
0.03 

0.03 

0.02 

0.03 

0.03 

0.03 

Catch Basin 5 

lorthwest lateral 0.04 0.04 0.03 

Bortheast lateral 0.04 0.04 0.02 

Southeast lateral 0.04 0.05 0.03 

Catch Basin 6 U/A N/A N/A 

Average background, 0.03 mrad/h, has not been subtracted. 
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TABLE 4-6 
SUZMARY OF THE RADIOLOGICAL CONDITION OF THE CEILIUG II ROOM 1 

Bay 
Alpha Activity 
(dpm /lOO cm2) 

Beta-Gamma Activity 
(mrad/h)* 

1 32 189 23 0.02 0.04 0.01 
2 68 204 33 0.02 0.03 0.02 
3A 196 352 23 0.03 0.03 0.01 
3B 30 139 25 0.02 0.03 0.01 
4A 156 723 30 0.03 0.04 0.02 
4B 45 720 30 0.02 0.03 0.01 
5 94 522 30 0.02 0.05 0.01 
6 220 879 29 0.03 0.19 0.01 
7 354 1551 33 0.04 0.14 0.02 
8 376 2228 76 0.03 0.07 0.02 
9 68 209 26 0.02 0.03 0.01 

Sand 
Pit 

Average Haximum M inimum Average Haximum k¶inimum 

76 122 22 0.04 0.09 0.02 

*Average background; 0.02 m rad/h, has not been subtracted. 
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TABLE 4-7 
POST-REMEDIAL ACTION MEASUREMENTS FOR ROOM 5B 

Location 
Alpha Activity 
(dpm/lOO cm21 

Beta-Gamma Activity 
brad/h)* 

Average Maximum Minimum Average Maximum Minimum 

South Wall 40 96 c26 0.03 0.06 0.01 

West Wall 52 128 <26 0.03 0.04 0.02 

Uorth Wall 52 257 <26 0.04 0.06 0.03 

East Wall 32 54 <26 0.04 0.05 0.03 

Floor 26 32 <26 0.03 0.06 0.02 

*Average background, 0.02 mrad/h. has not been subtracted. 
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TABLE 4-8 
POST-REMEDIAL ACTION HEASUREMENTS FOR ROOMS S201 AND S202 

Location 
Alpha Activity 
(dpm/lOO cm2) 

Beta-Ganuna Activity 
(mrad/h)* 

Average Xaximum Hiniltlum Average Maximum Minimum 

Area I 35 54 <35 0.03 0.08 0.02 

Area II 35 43 <35 0.04 0.09 0.02 

Area III 35 43 <35 0.04 0.08 0.02 

Area IV 35 43 <35 0.04 0.09 0.02 

*Average background, 0.02 mrad/h, has not been subtracted. 
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TABLE 4-9 
POST-REMEDIAL ACTION HEASUREHENTS FOR ROOM S212 

Location 
Alpha Activity 

(dpm/lOO cm2) 

Beta-Gamma Activity 
(mrad/h)* 

Average Haximum Minimum Average Maximum Minimum 

Area I 23 23 ~23 0.03 0.04 0.03 

Area II 28 39 <23 0.04 0.05 0.03 

Area III 95 161 <29 0.05 0.09 0.03 

West Wall 88 262 <29 0.02 0.03 0.02 

South Wall 73 139 <29 0.02 0.03 0.02 

Recessed Floor 95 217 <29 0.05 0.09 0.03 

*Average background, 0.02 mrad/h, has not been subtracted. 
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5.0 POST-REMEDIAL ACTION STATUS 

All the measurements taken after the removal of radioactive 
materials indicate that no areas of radioactive contamination remain 
in which concentrations exceed DOE guidelines. An independent 
assessment of the remedial action conducted at the National Guard 
Armory, Chicago, Illinois, was performed by Oak Ridge Associated 
Universities (ORAU) under the Radiological Site Assessment Program. 
The assessment verified BNI data supporting the adequacy of remedial 
action and confirmed that radiological conditions at the armory are 
in compliance with DOE remedial action guidelines (Ref. 5)‘. 

On the basis of the data collected, the National Guard Armory site 
conforms to all applicable DOE radiological guidelines established 
for release of this site for unrestricted use. 

All remedial action was completed. Nineteen barrels of mixed waste 
were stored in a secured area inside the NGA facility pending 
permanent disposal. 
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GLOSSARY 

Alpha-emitting - See radiation. 

Background Radiation - Background radiation refers to naturally 
occurring radiation emitted from either cosmic (e.g., from the sun) 
or terrestrial (e.g., from the earth) sources. Exposure to this 
type of radiation is unavoidable, and its level varies greatly 
depending on geographic location. For example, New Jersey typically 
receives 100 millirem (mrem) per year, Colorado receives about 
300 mrem/yr, and some areas in South America receive up to 
7000 mrem/yr. Naturally occurring terrestrial radionuclides include 
uranium, radium, potassium, thorium, etc. (see definition of 
radionuclide below). These dose levels do not include the 
concentrations of naturally occurring radon inside buildings. 

..j” Beta-gamma-emitting - See radiation. 

.,... Centimeter - A centimeter (cm) is a metric unit of measurement for 
length: 1 inch is equal to 2.54 cm: 1 foot is equal to approximately 
30 cm. 

Contamination - C.ontamination i6 USed generally to mean a 
.,- 

concentration of one or more radioactive materials that exceeds 
naturally occurring levels. Contaminatibn may or may not exceed the 

I" DOE cleanup guidelines. 

Counts per minute - A count is the unit of measurement registered 
by a radiation detection instrument when radiation impart6 its 
energy within the sensitive range of the detector probe. The number 
of count6 registered per minute can be related to the number of 
disintegrations per minute occurring from a radioactive material. 

*- 
See the definition of disintegrations per minute. 

Disintegration6 per minute - Disintegrations per minute (dpm) is 
the measurement indicating the amount of radiation being released 

I. ftOm a SUbStanCe per minute. See the definition of picocurie. 
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Dose - Dose as USed in this report is actually dose equivalent and 
is used to relate absorbed dose (mrad) to an effect on the body. 
DOSe is measured in mrem. For the purpose of comparison, a dose of 
500,000 mrem to the whole body within a short time causes death in 
50 percent of the people who receive it: a dose of 5,000,OOO mrem 
may be delivered to a cancerous tumor during radiation treatment; 
normal background radiation results in an annual dose of about 
100 mrem; DOE radiation protection standards limit the dose to 
member6 of the general public to 100 mrem/yr above background 
levels; living in a brick house typically results in a dose of about 
75 mrem/yr above the background level. 

EXpOSUre rate - Exposure rate is the rate at which radiation 
imparts energy to the air. Exposure is typically measured in 
microroentgens (uR), and exposure rate is typically expressed as 
uR/h. The dose to the whole body can be approximated by multiplying 
the exposure rate by the number of hours of exposure. For example, 
if an individual were exposed to gamma radiation at a rate of 
20 uR/h for 168 hour6 per week (continuous exposure) for 52 weeks 
per year, the whole-body dose would be 170 mrem. 

Gamma Radiation - See radiation. 

Gram - A gram (g) is a metric unit of weight. There are 454 g in 
1 pound, and 28 g in 1 ounce. 

Meter - A meter (m) is a metric unit of length: 1 m is equal to 
approximately 39 inches. 

Hicrocurie - A microcurie is l,OOO,OOO picocuries (see picocuries 
for additional explanation). 

Microroentgen - A microroentgen (uR) is a Unit USed to measure 
radiation exposure. For further information, see the definition of 
exposure rate. 
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Milliliter - A milliliter (ml) is a unit of measure for volume. 
There are 3785 ml in 1 gallon. 

Hillirad - The millirad (mrad) is Used to indicate the amount of 
energy imparted by radiation to a unit of mass. An absorbed dose 
rate is expressed in terms of mrad per hour (mrad/h). 

Millirem - The millirem (mrem) is the unit USed to measure 

radiation dO6e to man. The DOE dO6e limit is 100 mrem above 
background radiation level6 within any one-year period for member6 
of the general public. Naturally occurring radioactive substances 
in the ground result in a yearly exposure of about 100 mrem to each 
member of the population. To date, no difference can be detected in 
the health of population groups exposed to 100 mrem/yr above 
background and in the health of groups who are not exposed. 

Picocurie - A picocurie (pCi) is the unit of measure for 
radioactivity, just as an ounce is a unit to measure weight. A 
measurement of 1 pci means that one radioactive particle is released 
on the average of every 27 Seconds. 

Radium-226 - Radium-226 is a naturally occurring radioactive 
material that spontaneously emits alpha radiation. 

Radiation - There are three primary types of radiation: alpha, 
beta, and gamma. Alpha radiation travel6 less than an inch in air 
before it stops. Alpha radiation cannot penetrate the outer layer 
of skin on the body. Beta radiation can penetrate the outer layers 
of skin, but cannot reach the internal organs of the body. Gamma 
radiation is the most penetrating type and can usually reach the 
internal organs. 

Radionuclide - Radioactive element6 are also referred to as 

radionuclides. For example, uranium-235 is a radionuclide, 
uranium-238 is another, thorium-232 another, and 60 on. 
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Remedial Action - Remedial action is a general term used to mean 
"cleanup of contamination that exceed6 DOE guidelines." It refer6 
to any action required 60 that a property can be released for 
unrestricted use as uncontaminated. In practice, this may mean 
~@xnoving grass and soil, cutting trees, removing asphalt, etc. 
Remedial action also include6 restoring remediated properties to 
X-heir original conditions, to the extent that this is pO66ible. 

-Uranium - Uranium is a naturally occurring, radioactive element. 
.The principal use of uranium when refined is for the production of 
:'fugl-for nuclear reactors. Uranium in its natural form is not 

suitable for use as a fuel source. 

.-W.arking Level - Working level (WL) is a unit of measurement for 
--tQe amount energy expended in air by radon or its radioactive decay 

prOdUCtS. The term was derived to measure radon progeny 
concentrations to which uranium miner6 were exposed. 
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Exhibit II (7) - Interim Verification Letters to Property Owners and 
Verification Statements and Reports 

The verification statement and the verification report for the 
subject site are referenced below and are included in this section. 

Page 

Letter, J.D. Berger, Oak Ridge Associated Universities, 
to J-J. Fiore, U.S. Department of Energy. “Verif i- 
cation of Remedial Actions of the National Guard Armory, 
Chicago, Illinois,” June 30, 1987. 

Oak Ridge Associated Universities. Verification of 
Remedial Action -- Illinois National Guard Armory, 
Chicago, Illinois, Oak Ridge, TN, February 1988. 
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VERIFICATION 
OF 

REMEDIAL ACTION 
ILLINOIS NATIOMAL GUARD ARMORY 

CHICAGO, ILLINOIS 

INTRODUCTION 

Beginning in Xarch 1942, the Illinois National Guard Armory at lJashington 

Park, 52nd Street and Cottage Grove Avenue, Chicago, Illinois (Figure 11, was 

used by the Manhattan Engineer District (M’ED) and it’s successor, the Atomic 

Energy Commission (AEC), for the storage and processing of uranium metal. In 

1951, the AEC terminated use of the facility, and the property was returned to 

the State of Illinois. Decontamination, including removal of soil from the 

arena floor, was apparently performed at the time that MED/AEC activities were 

completed; however, no records, documenting the decontamination efforts and 

resulting radiological conditions, can be located. 

During 1977 and 1978, Argonne National Laboratory conducted a radiological 

survey of the Armory. Findings identified some areas of residual 

contamination. The primary radioactive contaminant in the Armory was processed 

natural uranium, with minimal amounts of associated decay products (i.e., 

thorium-230 and radium-226). ’ Although contamination was generally limited to 

relatively small areas and the direct radiation levels resulting from the 

contamination were quite low, the levels of surface contamination exceeded the 

DOE guidelines. ’ As a result of-these findings, the Illinois National Guard 

Armory was included in the Department of Energy’s (DOE) Formerly Utilized Sites 

Remedial Action Program (FUSRAP). 

In early 1987, Bechtel National, Inc. (BNI), the Project Management 

Cont factor for FUSRAP, conducted additional characterization surveys, where 

necessary, to more accurately define the boundaries of the contamination. 

Results of the BNI survey were in good agreement with the earlier survey 

conducted by Argonne National Laboratory. 3 A work plan was prepared by BNI 4, 

and, during the period April through June 1987, remedial action was performed 

to remove or reduce radiologial contamination at the Illinois National Guard 

Armory. 

1 
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Followup survey results, presented in the BNI post-remedial action report, 

indicate that the remedial actions were successful in meeting the DOE 

guidelines. ’ 

It is the policy of DOE to perform independent verifications of the 

effectiveness of remedial actions conducted within FUSRAP. The Radiological 

Site Assessment Program of Oak Ridge Associated Universities (ORAU) was 

designated by DOE as the organization responsible for this task at the Illinois 

National Guard Armory site. During the period remedial actions were being 

conducted, ORAU representatives performed independent measurements and sampling 

at this site. In addition, documents describing the project were reviewed, and 

selected samples were analyzed for comparison with BNI’s results. This report 

describes the procedures and findings of these verification activities. 

PROCEDURES 

Objectives 

The objectives of the verification were to confirm that the surveys, 
sampling, and analyses conducted prior to, during, and following remedial 

action and associated project documentation provide an accurate and conplete 

description of the condition of the property and, thereby, confirm that 

remedial actions have been effective in meeting established criteria. 

- Procedures 

General Approach 

-. 

1. Radiological survey reports, work plans, and the post-remedial action 

report (references 1, 3-5) were reviewed. Data were evaluated to 

assure that areas exceeding current DOE guideltnes were identified and 

had undergone remedial action. Post-remedial action radionuclide 

concentrations, surface contamination levels, and direct radiation 

levels were compared to guidelines, and the post-remedial action 

report and data were reviewed for general thoroughness and accuracy. 

- 
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2. Nine of 16 soil samples, collected by BNl during the post-remedial 

act ion survey, were obtained from BNI and independently analyzed for 

U-238, by the ORAU laboratory, to confirm the accuracy of BSI 

analyses. Twelve of 40 smear samples, collected by BF;I during the 

post-remedial action survey, were .also obtained and analyzed for gross 

alpha and gross beta levels. 

3. Survey t earns fron ORAU visited the site and performed visual 

inspections and limited independent gamma scans, exposure rate 

measurements, surface contamination measurements, and soil sampling on 

representative portions of both remediated and non-remediated areas. 

Dates of these independent surveys were April 28 to May 5, 1987; Play 

10 to 20, 1987; and June 16 to 25, 1987. Survey procedures are 
6 described in a plan , prepared by ORAU and submitted to DOE’s Office 

of Nuclear Energy; these procedures are described below. 

Facility Survey 

General 

Independent radiological surveys were performed on almost 100% of the 

remediated areas. In addition, about 10% of the non-remediated rooms 

throughout the -Armory were selected at random for surface scans and 

contamination measurements. Figures 2 thru 8 indicate those areas included in 

the ORAU surveys. 

Reference Grids 

In Rooms 1 and 5 of the South Head House, a 2 m x 2 m grid 

(Figures 9 and 10) was established on the floor and lower walls (up to 2 m) 

around remediated areas. Upper walls and ceilings of these areas were not 

gridded; survey locations on these areas were referenced to other grids or 

building features. 

One meter grids were established on the floor of Rooms 5A and S201/202 

(Figures 11 and 12) and surrounding remediated areas of greater than 1 m2 in 
other rooms of the Armory. 
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Remediated areas of less than 1 ID’ and non-remediated rooms or areas were 

not gridded; measurements were referenced to buildiing features. 

Surface Scans 

The floor and lower walls in areas selected for verification were surface 

scanned using NaI(T1) gamma scintillation detectors, ZnS alpha detectors, and 

“pancake” GM beta-gamma detectors. Where surf ace areas and conditions 

permit ted, floor scans for alpha and beta contamination were conducted with a 

gaa-proportional floor monitor. Upper wall and overhead surface scanning 

on ledges, beams, piping, fixtures, equipment, and ductwork was conducted using 

hand held alpha and beta-gamma detectors. Elevated areas were marked for 

additional measurements. 

Veasurement of Surface Contamination Levels 

In gridded areas, measurements of total alpha and beta-gamma contamination 

were performed in randomly selected grid blocks. A total of 140 grid-block 

surveys were performed (Figures 9 to 12); these consisted of measurements at 

the block center and at four points, midway between the center and block 

corners. Smears for removable alpha and beta contamination were performed at 

the location in each grid block, where the highest direct beta-gamma reading 

was obtained. . 

In ungridded areas, total and removable contamination levels were measured 

at random single point locations on the floors, walls, ceilings, and 

miscellaneous overhead objects. A total of 101 single-point measurements were 

performed at locations of remedial action; 305 single-point measurements were 

performed in 39 non-temediated rooms, throughout the Armory building 

(Figures 4 to 8). 

Exposure Rate Measurements 

Gamma exposure rate measurements, were peformed at one meter above the 

floor, throughout the building. Gamma scintillation detectors, 

cross-calibrated onsite with a pressurized ion chamber, were used for these 
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measurements. The background exposure rate was established, using the 

pressurized ionization chamber, in areas that were not radiologically 

contaminated but of similiar construction material. 

Catch Basin Drain System 

Inside surfaces of catch basins 1, 2, 4, 5, and 6 were scanned using 

alpha, beta-gamma, and gamma detectors. Measureaents of total beta-gamma 

surface contamination were performed on the catch basin walls and bottoms and 

on interior piping surfaces. Gamma and beta-gamma scans were performed in the 

main piping between all basins, in lateral drain lines entering the catch 

basins, and in the lateral lines connecting Room 5A and the piping section 

between catch basins 3 and 4. 

Fxcavated sections along the main piping between catch basins 3 and 4, and 

the area where catch basin 3 was removed, were gamma scanned. Soil samples 

were collected from 13 locations along the piping; lb samples were collected 

from the catch basin 3 excavation (Figures 13 and 14). 

Outdoor Survey 

Gridding 

A 10 m grid was established outside the south portion of the building. 

This grid is shown on Figure 15. 

Surf ace Scans 

Walkover surf ace scans, using portable Naf(T1) gamma scintillation 

detector6 attached to portable ratemeters, were conducted at l-2 meter 

intervals over the gridded area, to identify locations of elevated contact 

gamma radistion. 

Exposure Rate Measurements 

Gamma exposure rates were measured at the surface and st 1 meter above the 
surf ace, at grid block centers, using gamma scintillation detectors. 

5 
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.* Conversion to exposure rates in microroentgens per hour (pR/h) were made by 

onsite cross calibration of the NaI(T1) detectors with a pressurized ionization 

chamber (PIG). 

Soil Sampling 

Surface (O-15 cm) soil eauples were collected from the center of each 

grid block. 

Sample Analysis and Interpretation of Results 

Smears for the determination of removable contamination were counted for 

gross alpha and gross beta activity. Soils were analyzed by gamma spectroscopy 

for uranium-23R and other identifiable photopeaks. Major analytical equipment 

used in support of this survey is listed in Appendix A; Appendix B describes 

the measurement and analytical procedures. 

Findings of the inspections and radiological surveys were conpared with 

e/ the post-remedial action report and the established Illinois National Guard 

Armory guidelines (Appendix C). 

0 
FINDINGS AND RESULTS 

Document Review 

._ 

-. 

_.. 

. . 

Review of the ANL and BY1 characterization reports indicated that the 

major areas of contamination were identified by both surveys. These major 

areas were surfaces in Rooms 1 and 5 and the catch basin system servicing these 

two rooms. Other locations identified by both organizations were Rooms lE, 5B, 

S201/202 (messhall), S213, S212, and S250 (the 2nd fldor corridor). In 

addition to the locations identified by ANL, BNI also found small areas of 

contamination in Rooms lA, S215, and S234. It should be noted that in the time 

period between the ANL and BNI surveys numerous changes in rooo partitioning 

have taken place; also, the room numbering identification sytem has been 
* _. changed throughout the facility. (Throughout this verification report, the 

current room identification number6 are used. For comparison of current and 

past room layout and identification, the reader should consult references 1, 3, 

and 5.) 
6 
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Review of characterization and interim remedial action data indicated that 

decisions regarding requirements for remediation were appropriate. Visual 

inspections confirmed that identified areas were remediated to the extent 

described in the post-remedial action report. Data presented in the 

post-remedial act ion report demonstrate that the remedial actions were 

effective in meeting the established cleanup guidelines at all identified 

locations. 

Confirmatory Sample Analyses 

Table 1 presents the results of gamma spectrometry analyses, performed by 

ORAU and BNI, for 9 6011 samples from the remediated areas. For the primary 

radionuclide of concern, U-238, data are in agreement within their respective 

99% confidence intervals for 8 of the 9 samples. It should be noted that most 

of the samples contained U-238 concentrations near or below the detection 

limits of the analytical procedures. Therefore these concentration values have 

relatively large uncertainty values associated with them. In addition, BtiI 

analyzed the samples in an unprocessed form (not dried or ground), and, because 

the levels were well below the guideline values, BNI did not have the samples 

reanalyzed after processing. ORAU analyses were on processed samples; direct 

comparison of results is therefore not technically correct. 
l 

The one sample for 

which the analytical results of the 2 laboratories differed by greater than the 

99% confidence intervals was sample 258. The BNI analysis indicated 

38 f  14 pci/g; the ORAU measurement was 18.1 f 2.1 pCi/g. Although this 

difference has not been explained, it is important to emphasize that all 

measurements .on these samples by both laboratories were well within the 

guideline soil concentration of 150 pCi/g. 

Results of the confirmatory analyses on 12 smear Samples are also 

presented in Table 1. Gross alpha results on all of these samples indicated 

agreement within the 99% confidence intervals. A6 with the 6011 samples, most 

of these smears contained radioactivity levels ‘below or near the detection 

6en6itivitie6 of the procedures and consequently have relatively large 

uncertainty values. BNI did not measure gross beta levels on these smears; 

however , ORAU measurements of the gross beta levels Indicated that most of 

these, too, were very low. All smears measured by ORAU and BNI were well below 

the DOE surf ace contamination guideline level of 5000 dpm/lOO cm2, 
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a v e r a g e d  ove r  1  m  2, for bo th  a l pha  a n d  be ta  rad ia t ions assoc ia ted with u ran iun  

contaminat ion.  O n  the bas is  of th e s e  f indings, it is O R A U ’s op in ion  that the 

B N I d a ta  a r e  accurate ,  within th e  statistical l imitat ions of the  analyt ical  

p rocedu res  a n d  adequa te l y  represen t  th e  rad io log ica l  sta tus  of th e  site. 

Ver i f icat ion Surveys  

Remed ia t ed  A reas  

S u r fa ce  scans  o f  r e m e d i a te d  a r eas  ident i f ied smal l  sites of res idua l  

con tamina t ion  exceed ing  gu ide l i nes  a t severa l  locat ions in  R o o m s  5 B  (f loor, 

walls, a n d  drain) ,  S 2 0 1 /2 0 2  (f loor),  a n d  S 2 1 2  (sump) .  These  we re  b rough t  to 

the at tent ion of the  remedia l -ac t ion  contractor.  Fur ther  decon tan ina t ion  of 

these a reas  was  pe r fo rmed  immedia te ly  a n d  fo l lowup scans  by  O R A U  ver i f ied th e  
effect iveness of the  add i t iona l  c l eanup  act ions. Scans  of o ther  r emed ia ted  

a reas  ind ica ted n o  a reas  of res idua l  sur face contamina t ion  in  excess of  

guide l ines.  

T h e  results of con tamina t ion  measu remen ts  o n  remed ia ted  sur face a reas  a r e  

summar i zed  in  Tab le  2. Tota l  a l pha  levels r a n g e d  f rom < 3 O  to 9 9 0  d p m /lO O  cm ‘, 

be t a - gamma  levels r a n g e d  f ron ( 560  to 8 0 0 0  d p m /lO O  cm2.  Al l  locat ions 

exceed ing  5 0 0 0  d p m !lO O  cm 2  b e ta - g a m m a  w e r e  smal l  iso la ted spots a n d  ave rag ing  

over  ad jacen t  1  --m 2  a reas  resu l ted in  levels be l ow  the 5 0 0 0  d p m /lO O  cm 2  

gu ide l ine .  N o n e  of these locat ions e xceeded  th e  l imit of 1 5 0 0 0  d p m  fo r  m a x i m u m  
contamina t ion  levels a v e r a g e d  ove r  a  1 0 0  cm  2  a r e a . T h e  m a x i m u m  be t a - gamma  

I  

leve l  o f 8 0 0 0  d p m /lO O  ca‘ is equ i va l en t to  a  sur face d o s e  r a te  o f app r ox i na te ly  

0 .1 9  m r a d /h , wh ich  is wi th in th e  gu i de l i ne  va lues  of 0 .2 0  a r a d /h , a v e r a g e , a n d  

1  .O  m r a d /h , m a x i m u m . R e m o v a b l e  sur face con ta m inat ion  r a n g e s  w e r e  < 3  to  1 9  

S Ip h a  d p m /lO O  e m 2  a n d  < 6  to  2 3  b e ta  d p m /lO O  c m 2 . 

Scans  o f catch bas i n6  1 , 2 , 4 , 5 , a n d  6  a n d  r ema i n i ng  p i p i ng  ind ica ted  n o  

lO C a tiO n S  o f g ross  res idua l  c on ta m inat ion  in  e x ce66  o f D O E  gu ide l ines .  S u r fa ce  
con ta m inat ion  m e a s u r e m e n ts in  th e  ct. bas ins  a re  summar i r ed  in  Tab l e  3 . 

T o ta l  b e ta - g a m m a  levels r a n g e d  f r o m  ( 6 2 0  to  1 4 7 7 0  d p m /lO O  cm*. T h e  p o r o u s , 

r o u g h , a n d  dirt  a n d  oi l  cos ted  cond i t ion  o f  th e  catch bas in  a n d  p i p i ng  sur faces 

p r e v e n te d  m e a n ingfu l  a l p h a  con ta m inat ion  o e a s u r e m e n ts. A lth o u g h  smal l  a r eas  o f 
th e  surf  aces  in  th e s e  d r a i n a g e  a n d  col lect ion systems a re  a b o v e  

8  
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5000 dpm/lOO cm2, the’ average contamination levels were below that guideline 

value. In addition, the individual isolated spots, when averaged over 100 cm2, 

were within the maximun guideline level of 15000 dpm/lOO cm’. Beta-gamma dose 

rates satisfied the criteria of 1.0 mrad/h, maximum, and 0.2 mrad/h, average. 

Uranium 238 concentrations in samples of soil from the excavated area of 

catch basin 3 and trenches, where piping was removed, are presented in Table 4. 

The highest U-238 concentration was 13.4 + 2 .O pCi/g from the bottom of the 

catch basin 3 excavation. This is well within the guideline of 150 pCi/g. For 

comparision, the background concentration of U-238 in samples, collected by 

ORAU from the vicinity of the Armory, ranged from <l.l to 2.5 pCi/g. 

Non-remediated Areas 

Surf ace scans a’n d contamination measurements in randomly selected 

non-remediated areas indicated that all of these areas satisfy the DOE 

guide lines. Results of the measurements in these rooms are presented in 

Table 5. Total alpha contamination levels ranged from <30 to 140 dpm/lOO cm 2; 

total beta-gamma levels ranged from <600 to 5400 dpn/lOO cm2. Highest levels 

were located on the floor of the 2nd floor corridor (area S25O) in the South 

Head House. Detectable contamination was limited to small (<lo0 cm’) isolated 

areas. The contamination levels at these locations are within the 

15000 dpm/lOO cm2 guideline for maximum concentrations, averaged over areas of 

100 cm‘. Also, averaging the detectable contamination over surface areas of 

1 m2 results in levels well below the 5000 dpm/lOO cm2 guideline value for such 

areas- Removable levels of alpha and beta contamination were <3 to 

5 dpm/lOO cm2 and <6 to S2 dpm/lOO cm2, respectively. 

In addition to the surveys of 39 non-remediated rooms, scans for alpha and 

beta-gamma contamination were performed on portions of the arena floor and on 

the floors of the aisles on all sides of the arena floor. No areas of residual 

contamination were identfied by these scans. 

Exposure Rates 

Table 6 summarizes gamma exposure rates, measured throughout the Armory. 

Measurements ranged from 8 to 16 @/h. Levels were slightly higher in small 
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rooms on the first floor of the South Head House, probably due, in part, to 

natural activity in concrete material and storage of instruments with luninous 

dials (Ra-226) in this general area. All levels are well within the l?OE 

guideline of 20 a/h above background. Background exposure rates, measured in 
the vicinity of the Armory by ORAU, averaged approximately 8 bR/h; inside the 

concrete Armory structure the background exposure rates averaged approximately 

11 MC/h. 

Outdoor Survey 

Surface scans did not identify any locations of significantly elevated 

gamma radiation in the gridded area outside the south portion of the Armory. 

Exposure rates over this area ranged from 8 to 11 *R/h, with an average of 

approximately 9 uR/h (Table 7 1, which is comparable to the average background 

level of 8 Wh. Concentrations of uranium-238 in soil samples from this area 

are also presented in Table 7. The naxinum concentration of U-238 in these 

samples was 16.5 -+ 2.1 pCi/g, which is well within the site specific guideline 

value of 150 pci/g. No other radionuclides were present in these samples at 

concentrations higher than those naturally occurring in surface soil from this 

area. 

CONCLUSIONS 

During April to June 1987, Oak Ridge Associated Universities’ Radiological 

Site Assessment Program performed independent activities to verify the adequacy 

of remedial actions at the Illinois National Guard Armory and the accuracy of 

documentation supporting the remedial actions. The verification activities 

included document review, confirmatory laboratory analyses, and independent 

direct measurements and sampling analysis. Based on the results and findings 

of these activities it is O&W’s opinion that the remedial action has been 

effective in satisfying the established DOE criteria. It is also ORAU’s 

opinion that the documentation supporting the remedial action process is 

adequate and accurate. A verification letter, indicating these opinions, was 

provided to DOE in June 1987. ’ 
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TABLE 1 

t i ! 

RESULTS OF CONFIRNATORY ANALYSES 
ON SOIL ANI) SMEAR SAMPLES 

ILLINOIS NATIONAL CIIARD ARMORY 
CHICAGO, ll.LINOIS 

Sample8 

Analysis 

BY 

Concentration 

U-238 ‘(pCi/g) Cross alpha (dpm/lOO cm21 Cross beta (dpm/lOO cm2) 

SOIL 

244 

247 

: 251 

252 

254 

257 

258 

279 

281 

Catch Rasfn 3, 
NW Corner 

BNI <5 
ORAU 3.0 f 0.9b 

Catch Basin 3, 
SE Corner 

BNI <4 
ORAU 0.7 f 0.9 

Excavation Between IlNI 
Catch Basin 3 6 4 ORAU 

<6 
0.9 f 1.5 

Excavation iletween BNI 
Catch Raein 3 6 4 ORAU 

<I4 
<0.5 

Excavation Between RN1 
Catch Basin 3 6 4 ORAU 

8 +9 
1.3 _+ 1.2 

Compoeite, 
Barrel “G” 

BNI 11 -,9 
ORAU 9.5 f 2.4 

Composite, 
Rarrel “H” 

RN1 38 f 14 
ORAU 18.1 k 2.1 

Excavation BNI <8 
ORAU 2.4 .t 1.4 

Drain, Room 5R BNI 
ORAU 2 1 %  2 . . 

-- C -- 
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-- -- 
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TABLE 1 (Cant f nued) 

RESIILTS OF CONFIRMATORY ANALYSES 
ON SOIL ANI) SMEAR SAflPLES 

ILLINOIS NATIONAL CIJARD ARMORY 
CHICAGO, II.LINOIS 

Samplea 

Analysis Concentration 

BY u-231)’ (pCi/g) Gross alpha (dpm/lOO cm*) Gross beta (dpm/lOO cm’) 

SHEAR 

1022 BNI -- <2 -- 
ORAU -- <4 <9 

lD21) RN1 -- 13 f 16 -- 
l-l ORAU -- 
H 

<4 <9 

’ e iii 1032 RN1 -- 132 f 57 we 

a ORAU -- 110 ! 45 136 + 39 

aSample identification as obtafned from TMA/Eberline analytical report forms. 
bUncertaintiee repteeent the 99% confidence limits based only on counting ststisttcs. 
CDash fndfcatee analysis was not performed 



TABLE 2 

SWMARY OF SURFACE CONTAMINATION MEASUREMENTS 
IN REMEDIATED AREAS ’ 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Room end’ 

Number of TOTAL CONTAMINATION 

Grld Blocks Alpha fdpm/lOO cm21 Beta-Gawnna (dpm/lOO cm21 REMOVABLE CONTAMINATION 

or Locstlons tllghest Grid Range of Hlghest Grld Range of Alpha Range Beta Range 

Area Surveyed Block Avg. Measurements Block Avg. Measurements (dpm/lOO ci21 (dpm/lOO cm 2, 

R-1 
Floors/L. Wsllsb 36 

18 
190 (32 - 540 
620 (30 - 990 

2,500 
1.400 

(600 - 8,000 a- 7 (6 - 14 
(570 - 2,600 <3 - 19 (6 - 23 u. waIIs/Celllngsb 

l-l 
I+ N 

A 
W Room IA 

c1 Floors/L. Wsllsb 1,600 ~600 - 2,000 
N/A N/A 

<3 <6- 7 

WA N/A 
4 
0 

280 (30 - 470 
N/Ad N/A .A U. WalIs/Celllngs 

Room 18 
Floors/L. Wallsc 
u. ua1Is/celllng 

5 
0 

N/A <JO - 91 N/A 
N/A N/A N/A 

~600 - 1,500 c3 ~6 

N/A N/A N/A 

Rm 1D 
Floors/L. Uallsc 
U.Uallr/CelllngsC 

N/A (30 - 39 N/A 
N/A K30 N/A 

(600 - 1,500 0 (6 

<600 CJ (6 

Room 1E 
Floors/L. Uallsb 
U.Walls/Celllngs 

32 (30 - 39 

WA N/A 

N/A <30 - 39 

WA WA 

1,100 ~600 - 1,700 *3 ~6 

N/A N/A WA N/A 

Roam IF 
Floors/L. Wallsc N/A c600 - 880 <3 ~6 

N/A N/A N/A N/A U. Ualls/CelIlngs 
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TABLE 2 Hkmtlnued) 

SWMARY OF SURFACE CUNTAMINATII NASUREMNTS 
IN REMEDIAlED AREAS ' 

ILLINOIS NATIONAL WARD ARMORY 
CHICAGO, ILLINOIS 

Rocm end 

Are0 

Number of TOTAL C@JtAMlNATlON 

Brld Blodc, Alpha (dpm/WO cr& Beta-Ganm (dpm/lOO cm*) REMOVABLE CWW41NATlW 

or Locstlons Highest Grld Range of Highest G;ld Range of Alpha Range EbtaRanga 

Surveyed Block Avg. Measurenrents Block Avg. Measureamnts (dm/lOO (2115 (dpm/lOO cm2)' 

Roan 5 
FIOCG~ibll,b 
U. ~lI~siCelllngs~ 

17 
10 

M  <21 - 110 970 
N/A 00 - 110 N/A 

49 <JO - 125 2, Jo0 
N/A N/A N/A 

~600 - 1,700 
e70 - 770 

e620 - 7,600 
N/A 

<J <6- 7 
<3 ~6 

0 - 5 e6 - I8 
N/A N/A 

WA ~600 - 690 (3 <6 
N/A N/A N/A N/A 

N/A ~600 - 690 (3 (6 
N/A N/A N/A N/A 

6 N/A <30 - 39 WA 
0 N/A N/A N/A 

<570 
N/A 

cf - 1 ~6 
N/A N/A 

<35 - 350 3,000 
<39 - 90 N/A 

(560 - 7,800 
ChJO - 690 

<3 - 5 (6 - 15 
CJ c6- 7 

28 
0 

RbafC 
Ftoors/L. Mbllsc 
U. WslWCelltng 

6 WA a0 - 39 
0 N/A WA 

R-50 
Floors/L. wSll$c 
u. udIsfilllngs 

7 
0 

WA (30 - 39 
WA N/A 

Roan SE 
Floors/L. Clallr= 
U. *lls/Calllngs 

Room S201/202 
Floors/L. bllsb 
U. WalIs/CelIlngsC 

31 
12 

94 
N/A 



TABLE 2 (Continued) 

SUMMARY OF SURFACE CONTAMINATION MEASUREMENTS 
I IN REMEDIATED AREAS 
I ILLINOIS NATIONAL GUARD ARMORY 

CHICAGO, ILLINOIS 

Room and 

Area 

Number of TOTAL CONTAMINATION 

Grld Blocks Alpha (dpm/lOO cm’) Beta-Ganmta (dpm/lOO cm*) REMOVABLE CONTAMINATION 

or Locat Ions Hlghest Grld Range of Hlghest Grld Range of Alpha Range Beta Range 

Surveyed Block Avg. Measurements Block Avg. Measurements (dpm/lOO cm21 (dpm/lOO cm21 

Room S212 
Floors/L. Ual Is’ 6 N/A 00 - 320 WA (620 - 6,300 <3 ~6 

N/A N/A N/A N/A N/A 

:: w 
U. Wal Is/W Ilngs 0 WA 

I w 

r” 
Rorn S213/A 

Floors/L. Uallsc 12 WA c35 - 88 N/A (630 - 7,000 <3 (6 
w 

U. Wal Is/Cot I lngsC 4 WA (35 - 53 WA (630 (3 (6 

Room SZIS 
Floors/L. NaIIsc 7 WA (35 - 88 N/A (630 0 <6- 9 
U. UaIIs/Celllngsc 2 N/A <35 - 53 N/A <630 0 tb- 1 

Raan 5234 
Floors/L. Ibl Isc 
U. Wal Is/Gel I lngsC 

6 EVA c35 - 53 N/A ~630 - 1,100 <3 x6- 7 

6 N/A <35 - 71 N/A (630 CJ <6- 8 

‘Refer to Flgures 2, 3, 9, 10, 11, and 12. 
bFIve-polnt masurements In grld blocks. 
CSlngle-polnt nsasurements. 
dN/A = Not applicable. 



TABLE 3 
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SUMMARY OF SURFACE CONTAMINATION MEASUREMENTS 
IN CATCH BASINS AND PIPING 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Location 
Beta-Gamma Contamination Levels 

(dpm/lOO cm21 (mrad/h) 

Catch Basin bl 
walls 
bottom 
piping 

<620 <O.Ol 
(620 <O.Ol 

<620 - 2030 co.01 - 0.04 

Catch Basin P2 
walls bottom 
PWw 

1000 0.20 
1750 

- 
14770 - 0.04 (620 - 10640 

co.01 
- 0.30 

0.22 

Catch Basin #4 
walls 
bottom 
Piping 

<620 - 11270 <O.Ol - 0.23 
<620 (0.01 

<620 - 14350 <O.Ol - 0.30 

Catch Basin 85 
walls <620 - 4130 - bottom <O.Ol 0.08 

1440 
- 

5250 - piping 0.03 0.11 <620 - 12040 
<O.Ol 

- 
0.25 

Catch Basin 56 
walls <620 - 6650 bottom <O.Ol - 0.14 

<620 
PWw 

(0.01 
1120 - 1750 0.02 - 0.04 
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TABLE 4 

URANIUM 238 CONCENTRATIONS IN 
SOIL SAMPLES FROM EXCAVATED AREAS 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Location 

Catch Basin 3b 

U-238 Concentration (pCi/gja 

1 3.9 f 0.8c 

2 7.7 ,+ 1.3 

3 3.8 -+ 0.7 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

33 
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4.8 2 0.9 

13.4 f 2.0 

4.2 f 2.8 

10.6 t 1.4 

4.8 2 1.6 

5.1 ,+ 1.3 

0.8 2 1.5 

1.5 2 0.6 

1.7 f 1.2 

11.9 f 1.3 

2.4 f 1.5 

3.1 f 1.2 

0.9 ,+ 0.9 
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TABLE 4 (Continued) 

%., 

,“+- 

_,~,_ 

,.-* 

URANIUM 238 CONCENTRATIONS IN 
SOIL SAMPLES FROM EXCAVATED AREAS 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Location 

Piping Trenchsd 

U-238 Concentration (@X/g) 

1 1.1 + 1.2 

2 <0.8 

3 0.7 f 0.8 

4 (0.7 

5 (0.9 

6 0.5 f 0.9 

7 <l.l 

0 <0.6 

9 1.4 f 1.5 

10 <0.6 

11 <0.8 

12 <0.4 

.- 13 3.1 ,+ 1.2 

aData includes background level. 
bRefer to Figure 14. 

.-, CUacettainties are 95X confidence levels based only ori counting statistics; 
additional analytical uncertainties of 2 6 to 10% have not been propagated in these 
data. 

dRefer to Figure 13. 
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TARLE 5 (Continued) 

SUMNARY ff SURFACE CONTAMINATION KASIREMENTS 
IN NON-tWQIATFD AREAS 

ILLINOIS NATIONAL GUARD AR&WRY 

CHICAGO, ILLINOIS 

Ram end Nimber of 

Area LbsSUWlMJtltS 

TOTAL CONTAMINATION 

Alpha (dpm/tOO cm') Reta-Garmm (dpm/tOO cm 5 

Range of Range of 

Ir(easurements Measurecnents 

REMOVABLE CONTNllNATlON 

Alpha Range Beta Range 

(dpm/lOO cm*) (dpm/lOO cm') 

RomN204 
Floors/L. Walls 
U. ~lIsICelllngs 

5 
1 

05 
05 

~630 (3 c6 
<650 <!I ~6 

l-4 
7 RmmN206 

9& 
is! 

Floors/L. Walls 
h) 
I& U. WsIls/Celllngs 

5 
1 

es5 - 71 ~630 
53 <630 

if t6 
is (6 

RoanN209 
Floors/L. UsI Is 

U. WaIIs/Celllngs 

5 
1 

~630 if <6 
<6M if (6 

Roa N212 
Floors/L. Wells 3 

1.. 
05 - 53 (630 

53 <630 
if 
<3 U. rCIlIs/Celllng9 

Roam N222/A 
Floors/L. Walls 
U. Ualls/Celllngs 

05 - 53 *630 
53 ~630 

.:. 
.’ 

5 
I 

<5 ~6 
(3 <6 
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TABLE 5 Wont 1 wed) 

SUMMARY DF SURFACE CWTAMINATION MEASUREMENTS 
IN NON-REMEDIATED AREAS 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Room and Nunber of 

Area Meesuranents 

TOTAL CONTAMINATION 

Alpha (dpm/lOO cm2) Beta-Gamma (dpm/ 100 cm21 

Range of Range of 

Heasurements Measurements 

REMOVABLE CONTAM I NAT I ON 

Alpha Range Beta Range 

(dpm/lOD ‘cm21 (dpm/lOO cm2.1 

Roan E205 
Floors/L. Wsl Is 
U. UaIls/Ce4lllngs 

=f 
I 5 Room E208 

P 
h, Floors/L. Wsl Is 
4 U. WaIls/Celllngs 

Room E212 
Floors/L. Wells 
u. WallsmJl I Ings 

Roan E214 
Floors/L. Wa 
U. Ual Is/Gel 

II Is 
llng 

8 <SO - 56 
2 (30 - 74 

6 <JO - 56 
0 N/A 

7 
1 

5 
I 

iM- 74 (620 - 1,700 

(30 ~620 

i30- 39 
<JO 

~620 - 760 i3 i6 
(620 <J (6 

x620 - 1,700 (3 <6- 8 

WA WA WA 

i620 i3 (6 

(620 <3 (6 

<6 
(6 



TARLE 5 (Continued) 

SWt44RY OF SURFACE CUNTAMINATION FFASUREMENTS 
IN NON-REMFD I ATE0 AREAS 

ILLINOIS NATIONAL GUARD ARMJRY 
CHICAGO, ILLINOIS 

Room end Number of 

Ares Msasuramnts 

TOTAL CDNTAMINATlOF( 

Alpha’ (dpm/lOO cm’) Bets-Gannm (dpm/lOO cm5 

Range of Range of 

Measurements Measuremants 

REMOVABLE CONTAMINATlO)J 

Alpha Range Beta Range 

(dpm/lOO cm’) (dpm/lOO cm2) 

Room WI04 
Floors/t.. ml Is 11 

H U. Wal Is/M I lngs 2 

b-4 g I 
RoomW108 

Floors/L. Wsllr 9 

U. Wal Is/W I In* 2 

Room WI15 
Floors/l. Wells 6 
U. WaIldCelllng 1 

Room W202 
Floors/L. Wsl Is 6 
U. Wal Is/Cot llngs 2 

Raom W210 
Floors/L. Walls 6 

U. WaIls/Celllngs 2 

<JO - 74 
56- 74 

<JO - 39 
39- 56 

if0 
<JO 

oo- 56 
Go- 74 

i30 
<so - 39 

<620 - 1,800 (3 <6- 8 
970 - 1,700 <f i6 

i620 - 1,200 (3 ~6 
~620 (3 - 5 i6 

i620 - 900 (3 (6 
i620 <f i6 

(620 - 1,400 CJ ~6 
(620 i3 *6- 13 

<620 - 2,000 i3 - 5 <6 - 10 
(620 (3 ~6 



TABLE 5 (Continued) 

SUMMARY DF SURFACE CONTAMINATION MEASUREMENTS 
IN NON-REMEDIATED AREAS 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Room end Number of 

Area Measurwnts 

TOTAL CONTAMINATION 

Alpha (dpm/lOO cm’) Beta-Gamma (dpm/lOO em2) 

Range of Range of 

Measurements Measurements 

REMOVABLE CONTAMINATION 

Alpha Rang,e Beta Range 

(dpm/lOO cm2) (dpm/lOO cm21 

Room St03 
Floors/L. Walls 
U. Walls/Celllngs 

5 i30 
0 N/A 

(600 

WA 
(3 

WA 

i6- 0 

WA 

Room St08 
Floors/L. mlls 

U. WeIIs/Celllngs 

4 

1 

c30 - 91 

<JO 
(600 - 620 (3 i6- 9 

~600 CJ ~6 

Room St12 
Floors/L. Wslls 
U. Walls/Celling 

9 <JO - 39 
0 N/A 

~600 - 1,900 <J ~6 
N/A WA N/A 

Rooms208 
Floors/L. Wal IS 10 <JO - 39 

0 N/A 

~620 - 630 <S i6 

N/A N/A N/A U. WaIIs/Celllngs 

Room S121A 
Floors/L. Walls 
U. Walls/Celllngs 

10 ~30 - 56 
I (30 

(620 - 2,000 i3 <6- 8 
(620 (3 (6 
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TABLE 5 (Continued) 

SUMMARY OF SURFACE CUNTAMINATIO(J ME~SIJREMENTS 
IN NON-REHEDIATED AREAS 

ILLINOIS NATIONAL WARD ARMORY 
CHICAGO, ILLINOIS 

Room end Numberof 

TOTAL CONTAMINATION 

Alpha (dpm/lOO cm2) Beta-Gamma (dpm/lOO cm2) 

Range of Range of 

REMOVABLE CONTAMINATION 

Alpha Range Beta Range 

Aree bbasuranents Measurements Measurements (dpr/lOO cm6 ldpm/lDO cm2) 

Rocm S218 
Floors/L. Wells 

llngs H 

l-4 & 
u. WeIIs/Cel 

Ah) 
w Rom S233 
0 Floors/L. Wa 

6 (30 - 56 (620 (3 ~6 
0 N/A N/A N/A WA 

111s 16 <JO - 56 i620 - 1,700 (3 <6- 8 

llngs 3 iJo- 39 ~620 (3 ~6 u. Wmlls/Cel 

RomS243 
Flwrs/L. Walls 

U. *lls/lhlllngs 

8 (30 - 74 ~620 - 1,200 if i6- 7 
1 <30 (620 (3 ~6 

Ram 5250 

Floors/L. Walls 15 <39 - 97 i630 - 5,400 (3 - 5 i6- 8 

U. WaIls/Celllngs '7 (39 - 140 ~630 if (6 - 18 

Row 002 
Floors/L. Walls 4 <:fO - 74 (600 - 620 if i6- 7 

U. W8lls/Cslllngs 0 WA N/A N/A WA 



TABLE 5 (ContInuedI 

SUMMARY OF SURFACE CONTAMINATION MASIRFMENTS 
IN NON-REMEDIATED AREAS 

ILLINOIS NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

Room and Number of 

Area hbasuremnts 

TOTAL CDNTAMlNATIOE( 

Alpha (dpm/lOO cm21 Beta-Gannns (dpm/lOO cm 3 

Range of Range of 

Measurements Measurements 

REMOVABLE CWJTAMINATION 

Alpha Range Beta Range 

(dpm/lOO cm2, (dpm/lOO cm21 

Rwm S308 
Floors/L. Wal Is 
U. WsIIs/CelIlngs 

7 <JO - 56 (600 - 1,100 if (6 

0 N/A N/A N/A N/A 

Rwm 5400 
Floors/L. Walls 
U. WalIs/Celllngs 

e (30 - 39 ~600 CJ <6- 19 

1 (30 ~600 CJ *6 

'Refer to Figures 4 to 8. 
bN/A = Not sppllcable. 



TABLE 6 

SUMMARY OF EXPOSURE RATE MEASUREMENTS 
THROUGHOUT ARMORY BUILDING 

ILLINOIS NATIONAL GUARD AR?lORY 
CHICAGO, ILLINOIS 

Locat ion 

North Head House 
First Level 
Second Level 
Third Level 

East Wing 
First Level 
Second Level 

West Wing 
First Level 
Second Level 

South Head House 
First Level 
Second Level 
Third Level 
Fourth Level 

Arena 

Number 
Of 

Rooms 

5 
5 
3 

4 
5 

3 
2 

15 
1 
2 

.l 

N/A 

Exposure Rates at 1 m above Floora 
( @R/h) 

8 - 13 
9 - 13 

11 - 13 

9 - 11 
9 - 10 

10 - 11 
10 

9 - 16 
a - 13 

10 - 11 
10 

8 - 13 

aData includes average background level of about 11 S/h. 
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TABLE 7 

DIRECT RADIATION LEVELS AND URANIU!+238 CONCENTRATIONS tfEASURED 
AT GRID BLOCK CENTERS - SOUTH OF AtiIORY 

ILLINOIS NATIONAL GUARD AIL’lORY 
CHICAGO, ILLINOIS 

Locationa 
Gamma Exposure Rates (LA/hlb 

1 m above surface surface contact 
U-238 Concentrationb 

(pCi/g> 

5S, 12E 10 10 
5E 10 10 
51.1 9 10 

1517 11 10 
25W 11 10 
3511 10 10 
45:J 11 10 
55w 9 9 
6 51.1 9 9 
7517 9 9 
8517 8 - 8 
9311 9 9 

<0.8 
12.5 2 4.3c 

2.8 2 0.8 
2.7 + 1.7 

<1.3 
1.6 -+ 0.8 
2.9 f 1.3 

<1.4 
4.0 -+ 1.0 
4.6 -+ 1.5 

<0.9 
16.5 + 2.1 

15S, 12E 10 10 
5E 9 9 
5\! 9 9 

15rr 8 9 
2511 9 9 
3 51.1 8 9 
45w 9 9 
5 51J 10 9 
6511 10 10 
75CT 8 8 
8511 9 9 
9311 8 8 

22S, 12E 11 9 
SE 9 9 
5rr 9 8 

1517 8 8 
25W 8 9 
35W 9 9 
45u 8 8 
5517 8 9 
65W 9 9 
75w 9 9 
8511 9 9 
9 11.7 8 8 

<0.9 
(1.3 

2.9 + 1.1 
<0.8 
<1.2 

2.7 -+ 1.1 
2.0 f 2.0 
4.6 ,+ 1.5 
3.0 ,+ 2.0 
8.5 f 3.6 

16.1 f 3.6 
(1.4 

2.4 2 1.2 
2.7 2 1.7 

<l.l 
3.2 f 1.1 
5.0 + 1.3 

<l.l 
0.7 +0.7 
4.0 + 1.7 

<l.O 
3.7 20.8 

d 
d 

aRefer to Figure 15. 
bData include background levels. 
=Uncertainties are 95% confidence levels, based only on counting statistics; 

additional analytical uncertainties of 
dNo sample obtained. 

+ 6 to 10% have not been propogated in these data. 
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APPENDIX A 

Major Survey and Analytical Equipment 

The display or description of a specific product Is not to be construed as 

an endorsement of that product or its manufacturer by the authors on their 
employer. 

. . 

-.” 

A. Direct Radiation Measurements 

Eberline “RASCAL” 
Portable Ratemeter-Scaler 
Model PRS- 1 
(Eberline, Santa Fe, NM) 

Eberline PRM-6 
Portable Ratemeter 
(Eberline, Santa Fe, NM> 

Eberline Alpha Scintillation Detector 
Model AC-3-7 
(Eberline, Santa Fe, NM) 

Eberline Beta-Gamma “Pancake” Detector 
Model HP-260 
(Eberline, Santa Fe, NM) 

Ludlum Alpha-Beta Floor Monitor 
Model 239-l 
(Ludlum, Sweetwater, TX) 

Ludlum Ratemeter-Scaler 
Model 2220 
(Ludlum, Sweetwater, TX) 

Reuter-Stokes Pressurized Ionization Chamber 
Model RSS- 111 
(Reuter-Stokes, Cleveland, OH) 

Victoreen Beta-Gamma “Pancake” Detector 
Model 489-l 10 
(Victoteen, Cleveland, OH) 

Victoreen NaI Scintillation Detector 
Model 489-55 
(Vlctorecn, Cleveland, OH) 

-i 8. Laboratory Analyses 

Low Background Alpha-Beta Counter 
Model LB-5 110 
(Tennelec, Oak Ridge, TN) 

A-l 
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Ge(Li) Detector 
Model LGCC2220SD. 23% Efficiency 
(Princeton Gamma-Tech, Princeton, NJ) 

used in conjunction with: 
Lead Shield Model SPG-16 
(Applied Physical Technology, Atlanta, GA) 

High Purity Germanium Detector 
Model GMX-23195-S, 23% Efficiency 
(EGG&G ORTEC, Oak Ridge, TN) 

used in conjunction with: 
Lead Shield Model G-16 
(Gamma Products, Palos Hills, IL) 

High Purity Germanium Coaxial Well' Detector 
Model GWL-110210-PUS-S, 23% Efficiency 
(EG&G ORTEC, Oak Ridge, TN) 

used in conjuction with: 
Lead Shield Model G-16 
(Applied Physical Technology, Atlanta, GA) 

High Purity Germanium Detector 
Model IGC25, 25% Efficiency 
(Princeton Gamma-Tech, Princeton, NJ) 

used in conjunction with: 
Lead Shield 
(Nuclear Data, Schaumburg, IL) 

Multichannel Analyzer 
ND66/680 System 
(Nuclear Data, Schaumburg, IL) 

A-2 
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APPENDIX B 

Measurement and Analytical Procedures 

Alpha and Beta-gamma Measurements 

Measurements of total alpha radiation levels were performed using Eberline 

Model PBS-1 portable scaler/ratemeters with Model AC-3-7 alpha scintillation 

probes. Measurements of total beta-gam radiation levels were performed using 

Eberllne Model PRS-1 portable scaler/ratemeters with Model HP-260 thin-window 

“pancake” G-M probes. Count rates (cpm) were converted to disintegration rates 

(dpm/lOO cm’) by dividing the net rate by the 4 n efficiency and correcting for 

the active area of the detector. Effective window areas were 59 cm’ for the ZnS 

detectors and 15 cm2 for the G-M detectors. The background count rate for ZnS 

alpha probes averaged approximately 2 cpm; the average background count rate was 

approximately 40 cpm for the G-M detectors. 

Surface Scans 

Surface scans in the facility were performed by passing the probes slowly 

over the surface. The distance between the probe and the surface was maintained 

at a minimum - nominally about 1 cm. Identification of elevated levels was 

based on increases In the audible signal from the recording or indicating 

instrument. Alpha and beta-gamma scans of large surface areas on the floor of 

the facility were accomplished by use of a gas proportional floor monitor, with 

a 600 cm 2 sensitive area. The Instrument is slowly moved In a systematic 

pattern to cover 100% of the accessible area. Combinations of detectors and 

instrument for the scans were: 

Beta-Gamma - Pancake G-M probe with PRM-6 ratemeter. 
Beta-Gamma - Pancake G-M probe with PRS-1 scaler/ratemeter. 
Gamma - NaI scintillation detector (3.2 cm x 3.8 cm crystal) with 

PRH-6 ratemeter. 
Alpha - ZnS probe with PRS-1 scaler/ratemeter. 
Alpha /Beta - Gas proportional floor monitor with Ludlum Model 2220 

scalerlratemeter. 

B-l 
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Exposure Rate Measurement 

Walkover surface scans and measurements of gamma exposure rates were 

performed using Eberline Model PRY-6 portable ratemeters with Victoreen Model 

489-55 gamma scintillation probes, containing 3.2 en x 3.8 cm NaT(T1) 

scintillation probes. Count rates were converted to exposure rates ( *R/h) by 

onsite cross-calibration with a Reuter-Stokes ?iode 1 RSS-111 pressurized 
ionization chamber (PIG). 

Removable Contamination Measurements 

Smear measurements were performed using numbered filter paper disks, 47 mn 

in diameter. Smears were sealed in labeled envelopes with the location and 

other pertinent information recorded. The smears were returned to Oak Ridge and 

evaluated using a low-background alpha-beta proportional system. 

Soil Sample Analysis 

Gamma Spectronetry 

The soil sanple was dried, mixed, and a portion sealed in 0.5-liter 

Yarinelli beaker. The quantity placed in the beaker was chosen to reproduce the 

calibrated counting geometry and typically ranged from 600 to 800 g of soil. 

Net soil weight was determined and the sample counted using germanium detectors 

coupled to a Nuclear Data Model ND-680 pulse height analyzer system. Background 

and Conpton stripping, peak search, peak identification, and concentration 

calculations were performed using the computer capabilities inherent in the 

analyzer system. The 0.094 MeV energy peak from Th-234 used for determination 

of the U-238 concentration (secular equilbrium was assumed). The spectra were 

also reviewed for the presence of other radionuclides. 

Uncertainties and Detection Limits 

-, 

I” 

The uncertainties associated with the analytical data presented in the 
tables of this report, represent the 95% (2a) confidence levels for that data. 

These uncertainties were calculated, based on both the gross sample count levels 
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and the associated background count levels. When the net sample count was less 

than the 95% statistical deviation of the background count, the sanple 

concentration was reported as less than (0 the detection capability of the 

t -asurement procedure. Because of variations in backgrounds and in Compton 

contributions from other radionuclides in the sample5, the detection 

sensitivities for specific radionuclides may differ from sample to sample and 

instrument to instrunent. Additional uncertainties of 2 6 to 10X, associated 

with sampling and laboratory procedures, have not been propagated into the data 

presented in this report. 

Calibration and Quality Assurance 

Laboratory and field survey procedures are docunented in the following 

manuals, developed specifically for the Oak Ridge Associated Universities’ 

Radiological Site Assessment Program: “Survey Procedures Manual”, Revision j, 

May 1987; “Laboratory Procedures Hanual”, Revision 3, Nay 1987 and “Quality 

Assurance Manual”, Revision 1, June 1987. 

With the exception of the portable gamma scintillation survey meters, field 

and laboratory instruments are calibrated with NBS-traceable standards. The 

calibration procedures for the portable gamma instruments are performed by 

comparison with an NBS-traceable pressurized ionization chamber. 

Quality control procedures on all instruments included daily background and 

check-source measurements to confirm equipment operation within acceptable 

statistical fluctuations. The ORAU laboratory participates in the EPA Cross 

Check and EML Quality Assurance Programs. 
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APPENDIX C 

Criteria Applicable to the Illinois National Guard Armory 

The Department of Energy’s radiological criteria for remedial action are 

presented in the “U . s . Department of Energy Guidelines for Residual 

Radioactivity at Formerly Utilized Sites Remedial Action Program and Remote 

Surplus Facilities Flanagement Program Sites“ Revision 2, March 1987. 2 The 

portions of those guidelines applicable to the site are: 

1. Building Surfaces 

a. Total uranium surface contamination of 5,000 a dpm/lOO cm2 averaged 

over an area not exceeding 1 m2, with a maximum of 15,000 

a dpm/lOO cm 2 
in areas of not more than 100 cm2. 

b. Removable uranium contamination of 1,000 a dpm/lOO cmL. 

C. Average and maximum radiation levels associated with surface 

contamination resulting from beta-gamma emitte.rs should not exceed 

0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 cm, respectively, measured 

through not more than 7 mg/cm2 of total absorber. 

2. Direct Radiation 

External direct gamma radiation levels should be such that, under 

reasonable conditions of site use and occupancy, an individual 

would not receive a dose equivalent in excess of 100 mrem/y above 

background. 

A site specific uranium concentration guide for soil was developed for the 

Armory site by Argonne National Laboratory.’ This guideline is 150 pCi/g of 

U-238 per gram of dry soil (approximately 300 pCi/g of total U per gram of soil, 

based on equal activities of U-238 and U-234, i.e., naturally occuring 

abundancies). 
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Exhibit II (8) - State, County, and Local Comments on Remedial Action 

The State of Illinois was kept fully informed of all DOE activities 
in connection with remedial action performed at the NGA. 
Communication was maintained with the Illinois Department of Nuclear 
Safety during the development of a site-specific remedial action 
guideline for uranium in soil. 
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Exhibit II (9) - Restrictions 

.-. 

There are no radiologically based restrictions on use of the subject 
site following the completion of remedial action under FUSRAP. 
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Exhibit II (10) - Federal Register Notice 

This section contains the text of the Federal Register notice that 
was approved by DOE for publication in the Federal Register. It 
documents the certification that the subject property has no 
radiological restrictions on its use. 
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AGENCY: 

ACTION: 

SUMMARY: 

6450-01 

DEPARTMENT OF ENERGY 

OFFICE OF NUCLEAR ENERGY 

Certification of the Radiological Condition of the 
National Guard Armory 
in Chicago, Illinois 

Office of Remedial Action and Waste Technology, Department 
of Energy 

Notice of Certification 

The Department of Energy has completed radiological 

surveys and taken remedial action to decontaminate the 

National Guard Armory in Chicago, Illinois. The site was 

found to contain quantities of radioactive material 

remaining from wartime activities conducted at the site by 

the Manhattan Engineer District/Atomic Energy Commission. 

FOR FURTHER INFORMATION CONTACT: 

James J. Fiore 
Division of Facility and Site Decommissioning Projects 
Office of Remedial Action and Waste Technology 
U.S. Department of Energy 
Washington, D.C. 20545 

(301) 353-5272 
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SUPPLEMENTARY INFORMATION: 

.- 

e- 

-- 

-. 

^_ 

The Department of Energy (DOE), Office of Nuclear Energy, Office of 

Remedial Action and Waste Technology, Division of Facility and Site 

Decommissioning Projects, has implemented a remedial action project 

at the National Guard Armory (NGA) in the Chicago, Illinois area as 

part of the Formerly Utilized Sites Remedial Action Program 

(FUSRAP), which was initiated by the United States Government in 

1974 to identify, clean up, or otherwise control sites where 

residual radioactive material (exceeding current guidelines) remains 

from the early years of the nation's atomic energy program or from 

commercial operations causing conditions that Congress has mandated 

DOE to remedy. 

The NGA was used beginning in March 1942 by the Manhattan project 

when space shortages occurred at the University of Chicago. The 

Atomic Energy Commission (AEC), which succeeded the MED, ceased use 

of the NGA in 1951. 

Available information indicates that the NGA was utilized to store 

and process uranium metal. The building was the shipping and 

central procurement location for the Metallurgical Laboratory in 

1943, and records indicate that uranium metal stock was received and 

temporarily stored at the NGA in 1944. 
-, 
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A p p a r e n tly, th e  a rmory  s to re room was  used  to  store g r ind ing  was tes  

a n d  u r an i um  shav ings,  because  o n e  o f th e  u r an i um  fires in  th e  a rmory  

occu r red  in  th e  no r theas t co rne r  o f th is  r o o m . 

In  1 9 8 7 , th e  subject  p rope r ty was  decon ta m ina te d . The  pos t-remed ia l  

ac tio n  survey  has  d e m o n s trated a n d  D O E  has  cert i f ied th a t 

rad io log ica l  cond i tions  a t th e  a ffec te d  p rope r ty a re  consistent  wi th 

app l i cab le  cr i ter ia a n d  th a t use  o f th e  p rope r ty p resen ts n o  

rad io log ica l  haza rd  to  th e  gene ra l  pub l ic  o r  to  site occupan ts. 

These  find ings  a re  suppo r te d  by  th e  D O E  Cer tif ication Docke t fo r  th e  

Remed ia l  A ct ion P e r fo r m e d  a t N a tiona l  G u a r d  A rmory  in  Ch i cago , 

I l l inois from  Apr i l  1 9 8 7  to  June  1 9 8 7 . A ccord ingly ,  th is  p rope r ty 

is re leased  from  th e  Former l y  U ti l ized S ites  Remed ia l  A ct ion P rog ram . 

The  cert i f icat ion docke t wi l l  b e  ava i lab le  fo r  rev iew b e tween  

9 :0 0  a .m . a n d  4 :0 0  p .m ., M o n d a y  th r ough  Fr iday  (excep t o n  Fede ra l  

ho l idays) ,  in  th e  Depa r tm e n t o f Ene rgy  Pub l i c  Read i ng  r o o m  located 

in  R o o m  lE -190  o f th e  Forresta l  B u i ld ing, 1 0 0 0  In d e p e n d e n c e  

A venue , S W , Wash i ng to n , D .C. The  cert i f icat ion docke t wi l l  a lso  b e  

ava i lab le  in- the Pub l i c  D o c u m e n t R o o m , U .S . Depa r tm e n t o f Ene rgy , 

Ch i cago  O p e r a tions  O ffice, 9 8 0 0  S . Cass  A venue , A rgonne , I l l inois: 

a n d  in  th e  Pub l i c  D o c u m e n t R o o m , U .S . Depa r tm e n t o f Ene rgy , O a k  

R idge  O p e r a tions  O ffice, Fede ra l  B u i ld ing, O a k  R idge , Tennessee . 

The  Depa r tm e n t o f Ene rgy , th r ough  th e  O a k  R idge  O p e r a tions  O ffice, 

Techn ica l  Serv ices  Divis ion,  has  i ssued  th e  fo l low ing  statement:  
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STATEMENT OF CERTIFICATION: NATIONAL GUARD ARMORY ,",_ * 
IN CHICAGO, ILLINOIS 

_ I .  

The Oak Ridge Operations Office, Technical Services Division, has 

reviewed the radiological data obtained following the remedial 

action at the subject property. Based on this review, DOE has 

certified that the property is in compliance with all applicable 

decontamination criteria and standards. This certification of 

compliance provides assurance that use of the property will result 

in no radiological exposure above applicable criteria and standards 

to memders of the general public or to occupants of the site. 

Accordingly, the National Guard Armory property is released from the 

Formerly Utilized Sifes Remedial Action Program. 

Dated: 

and Waste Technology 
Off ice of Nuclear Energy 
U.S. Department of Energy 
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Exhibit II (11) - Approved Certification Statement 

The following statement documents the certification of the subject 
property. 
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KOEF 13258 
CLMi 

L-lited States Government Department of Energy 

memorandum .I 2  
DATE TFB 16 1989 

R@-LY TO 
I ‘NOF NE-23: F iore 

syBJEC1 Recommendat ion for Certification of Remedial Action Performed at the National 
Guard Armory Site in Chicago, Illinois. 

TO. 3.E. Baublitz, Acting Director .*I* 
O ffice of Remedial Action and Waste Technology, NE-20 

.- 

-, 

-. 

.- 

_- 

-- 

I am attaching for your signature the Federal  Register Notice for the National 
Guard Armory site in Chicago, Illinois. Also attached is the signed Statement 
of Certification for this property. 

The  National Guard Armory was used by the Manhattan Engineer District (MEDJ to 
conduct operations beginning in 1942, when adequate space was no  longer 
available at the University of Chicago. By 1951, the Atomic Energy Commission 
(AEC), successor to the MED, had ceased use of the National Guard Armory. 
During the MED/AEC era, the site was used for storage of uranium metal stock, 
uranium shavings, and  grinding wastes. 

Based on  a  review of all documents related to.this property, we have concluded 
that it should be  certified as being in compliance with criteria and  standards 
established for the Mational Guard Armory remedial action project. These 
criteria were established in accordance with DOE guidelines and  orders, 
consistent with other appropriate Nuclear Regulatory Commission and  
Environmental Protection Agency guidelines, to protect public health and  the 
environment. 

The  Division of Facility and  Site Decommissioning Projects has provided the 
attached docket to effect the certification of the subject property. 

Following your approva' l  of the certification, this office or the Oak Ridge 
Operations O ffice will notify interested state and  local agencies, the public, 
local land offices, and  the specific property owner of the certification 
action by correspondence and  local newspaper  announcements,  as appropriate. 
The  documents transmitted with the Statement of Certification and  the Federal  
Register Notice will be  compiled in final docket form by the Division of 
Facility and  Site Decommissioning Projects for retention in accordance with 
DOE Order 1324.2 (Disposal Schedule 25). 

P 

amedJ. F iore, Director 
Division of Facility and Site 

Decomnissioning Projects 
O ffice of Nuclear Energy 
U.S. Department of Energy 

Attachments: 
As Stated 
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STATEMENT OF CERTIFICATION: f!ATIO:;AL GUARD ARMORY SITE 

IN CHICAGO, ILLINOIS 

The U.S. Department of Energy, Oak Ridge Operations Office, 

Technical Services Division, has reviewed and analyzed the 

radiological data obtained foljowing remedial action at the National 

Guard Armory, which was contaminated by uranium materials stored 

there during the Manhattan Engineer District/Atomic Energy 

Commission era. Based on this analysis of all data collected, the 

Department of Energv certifies that the National Guard Armory is in 

compliance with Department of Energy decontamination criteria and 

standards developed to protect health, safety, and the environment. 

This certification of compliance provides assurance that use of 

the property will result in no radiological exposure above 

applicable criteria and standards to members of the general public 

or to site occupants. 

By' f&$@~ Date: ,$h~/yf . . . 
Tec@&al services Division 
Oak Ridge Operations Office 
U.S. Department of Energy 
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Exhibit //I . D iagrams o f the Remed ial Action a t the 
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EXHIBIT III 

DIAGRAMS O F  THE REMEDIAL ACTION 

PERFORMED AT THE NATIONAL GUARD ARMORY 

IN CHICAG O , ILLINO IS 

FROM APRIL 1987 T O  JUNE 1987 
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The figures on the following pages are taken from the post-remedial “.I, 
action report and indicate the areas where remedial action was 
performed at the NGA. 

*““.. 

‘“1, 

0561t:DRAFT 
09/30/88 

III-1 



I. _e”., 

we” 

-/ ,_.” 

_I. ~._ 

W
I 

01- .-. -. 

.,“_ 

~~.~.~.~.~.~.~,~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~...~,~ 
. 

. 
. 

. 
. 

. 
.‘.~.~.~.~.~.~.~.~.~.~.~.‘.‘.‘.~.~.~.’ 
.‘.~.~.~.~.~.~.‘.‘.~.~.~.~.~.~,~.~.~.~ 

7 

.~.~.‘.~.~.~.~.‘.‘.~.‘.~.‘.‘.‘.‘.’.’.’ 
z 

::::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: 
. 

.~.~.‘.‘.‘.‘.‘.~.~.~.~.~.‘.~.‘.~.’. 
.‘.‘.~.~.~.~.~.~.‘.‘.‘.~.~.~.‘.~.~.~.’, 
.‘.‘.~.~.~.~.~.~.~.~.‘. 

.~.~_‘.‘.~.‘.‘.‘,‘.‘.~.~.~.~.~.~.~,~ 
.‘.‘.‘.‘.~.~.~.~.‘.~,~,~.‘.~.~.~.~.~.~, 

e B 8 2 Y L g 2 s 8 Y s 2 z si s a 

>:.:.:.:.: 

0 :::;:. 
:;:::. 
;;:::. 
. . 

. 

..__ .- __.._.. 
- -___ 

-- 

III-2 



1 I f i t 1 i f I  t  

s248 
- h=@ - 

% ‘q --y” 1 $*Q scvu .~~:.:.:.:.~:.:.:::::~~~~:::::::::::::::~ 
5241 ! 

I&:‘; , s2a,sza i-.;-~~ 
.: :: 

-L-s 
wI#fi I I ---* / II I...- . . . .._. ----II 

q ROOMS AND HALLWAY WHERE REMEDIAL ACTION WAS PERFORMED 
(NOT TO SCALE) 

FIGURE 2 THE SECOND FLOOR OF THE SOUTH HEADHOUSE 



,- ,  

IU .  

.- ,  

.c ,  

q  S A N D  P IT q  A R E A S  W H E R E  R E M E D IA L  
A C T IO N  W A S  P E R F O R M E D  ( N O T  T O  S C A L E )  

FIG U R E  3  N I N E - B A Y  C E IL ING  IN R O O M  1  O N  T H E  
F IRST F L O O R  O F  T H E  S O U T H  H E A D H O U S E  

1 1 1 7 4  

L  t42.71 N M 9 8 1 4 . D W  JL  



-.  

L .  

I ,  

#“., 

c .  

C ,  

__ I  

-.  

‘l 

.-  

, 11  

I-  

,-  

B A Y  3  i 
i 

/- 
5 ' W IDE ( T Y P .) 

i 1  

a .--- -.---------m -m-  

C O N S T R U C T IO N  J O INT 

B A Y  4  i 
i I I 

q  i 
i B  /I 
i I 

’ C O L  IO  
-w  

d  

i C O L  5  
-' 

L l  

- -------w---w- -* - - - - - --------------- 1 , 

i 2  Q  

i 
i 

t I 
I 

S il2 (RO O M  6)  

( A S  B U ILT)  ( N O T  T O  S C A L E )  

F IG U R E  4  R O O M  l-A R E A S  W H E R E  R E M E D IA L  A C T IO N  W A S  
P E R F O R M E D  O N  T H E  F L O O R  IN  B A Y S  3  A N D  4  

I I I -5 *- 

% L w 2 l W m u D Q l  a  
- . . - - - -^~ /I u  - -  



,-- 2' WIDE 1 

-------_-_ 

BRICK WALL 
(TYPICAL) 

j' 

(CONTROL JOINT) ROOM 
5E 

- 

I 
I 

22'4" \ 
TRIAL 6'DIA. 
BOREHOLE 

(AS BUILT) (NOT TO SCALE) 

FIGURE 5 ROOM 1 - AREAS WHERE REMEDIAL ACTION 
WAS PERFORMED ON THE FLOOR IN BAY 5 



z k zuu 
-W

C 
zi4s 
c B 

z 

I 
I 

rp 
‘- 

L 
‘n 

b 
L 

T- 
-7 

L 
UY 

-a 
x 

x 
x 

k 
x 

\xxxxxxx,, 
X 

E 
go -8 

T 
y-4 p 

I 
-0 

* 
b 

b 
to 

‘r, 
=w _ 

_ 
’ 

t- 
- 

- 
- 

r- 
-’ 

- 
- 

- 

,~,~,~1~,~,2,~,~,~1~,~,~,~, 

L b 

5 

DOI-,I 
86-L 

a-19 
A-,E 

.ti 

I 
1 

I 
I 

II 

m
 

a 
m

Ea 
’ 

s 
E 

E z 
I 

ILL; #Z-S .9-rz 
.9-J 

.I-,2 

i 
L 

I 
I 

I 
I 

5 

i 
zp 

I 
2 

t 
I 

z 
m

 

III-7 



I’ 

I 
i 

,ll-,6 ’ 
1 

I 
*O

-&l 
I 

i 
c 

i 

0 
g I 

z 
, i 

III-8 
._ ..- 

_ 
-_-._ 



I 
x1-49 

I 
1 

I 
1 

I 
I 

w 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I I I I 
w- 

I 

Ei 
I 

b-.9 
d 

x3 

%
d.xsl 

-- 
I 

------------- 
&------ 

I 

&o 
+>- 
oa 
am

 
zz 
nII 
W

O
 

=0 
EL 

k? 
W

k 

$5 

an 
Q

W
 

E= 
ar I 2 cc 
-W

 
zzLL 

82 
Irs 

co 

I+ 

g 

III-9 

._.. 



i I i 

H 

=I 
I 

P 
0  

ROOM I 

BAY 7 

(AS BUILT) 

ROOM IE 

(NOT TO SCALE) 

FIGURE 9 ROOMS 1 AND IE - AREAS WHERE REMEDIAL 
ACTION WAS PERFORMED ON THE FLOOR 



I 

JL 2' 

2'-2'xl'-O'BOTH SIDES 

(NOT TO SCALE) 

FIGURE IO ROOM I-AREAS WHERE REMEDIAL ACTION WAS 
PERFORMED ON THE NORTH FACE OF COLUMN 1 

III-11 

. - . .  ~ - - -“ . - - .  1 , .  -  



fH FACE 1 I 1 

IJ’X Y (COWTAINS 5 
8aT HOIES) 

NORTH FACE i 

I’x 9’ KONTAINS 4 
BolT HOlES) 

~ 6’ x I’ mNlAM!i 3 
BOLT HOlESs) 

NOTE: SEE FIGURE 4-7 FOR 
REMEDIAL ACTION AT = 
BASE OF COLUMN 

CONCRETEFLOOR 
CONCRLTE FLW 

* - OISTNUI TO 
BOLT tms ,. . 0’0 . . . do’ 

(AS BUILT) 
'0. $p: .() . . (NOT TO SCALE) 

FIGURE 11 ROOM l-AREAS WHERE REMEDIAL ACTION WAS PERFORMED ON THE 
NORTH AND SOUTH FACES OF COLUMN 2 

@lk l42J.l N1919911D6N JCL 



* *a  

-1  

-.  

- ,  

I I  

,-  

.s . .  

, .  ” 

._  

.“lf 

I ^  

-  

( A S  B U ILT )  

‘\ F R O M  H E R E  T O  I I I7  

C O N T A M INATED S P O T S  

1  ;T;fW $ T E D  1  

1  C 6 2  
1  C 6 3  
1  C 6 4  
1  C 6 5  

O C C U R R E D  

I T Y P E /S IZE  
1  I/2 ’ so.  - B a T H a E  
5 ’ so.  - B O C T H O L E  

2 ’-2’ x 1 ’ 
-2’s &  - B O lTHO lE  

3 ’ x 1 ’ 
8 ’ x  1 ’ 

v - 3&  x 1 ’ 

S O U T H  
F A C E  

1 1  l/2 ’ S O . -Ba l IKn .E  1  
1  C 7 0  II l/2 ’ S O .-B O L T H H O L E  I 

N O T E : S E E  F IG U R E  4 -8  F O R  R E M E D IA L  
A C T IO N  A T  B A S E  O F  C O L U M N  

C O N C R E T E  F L O O R  -, 

C 6 3  1  

P  

C 6 5 , 

. . . 
0 ’0  *. - 0 0  * 
-0  * . “0 ” ’ 4  * 

. . . 
( N O T  T'O  S C  # A L E )  

FIG U R E  1 2  R O O M  l-A R E A S  W H E R E  R E M E D IA L  A C T IO N  W A S  
P E R F O R M E D  O N  T H E  N O R T H  A N D  S O U T H  F A C E S  O F  
C O L U M N  3  

Wkt66 . 421  N l 9NY IU6N  X L  
-  -_____ . . .  - - - - - -  " _  _ - -  

I I I -13  



H 
H 
H 

I 
P  
lb 

908 

BAY 
9 - 

1  

IO’ 

ROOM IA 

4' 
t- 

ROOM 
58 

ROOM 18 

(AS BUILT) (NOT TO SCALE) 

FIGURE 13 ROOM 1A - AREAS WHERE REMEDIAL ACTION WAS PERFORMED ON THE FLOOR 



I-  

-  

- e - m  

,- 

x t -  

A R E N A  

7 ’ 
C O N S T R U C T IO N  JO IN T  

R O O M  
S H  

P -9*x 2 ’-4’ 

R O O M  5  

( A S  B U ILT)  M O T  T O  S C A L O  

F IG U R E  1 4  R O O M  5 - A R E A S  W H E R E  R E M E D IA L  A C T IO N  W A S  
P E R F O R M E D  O N  T H E  F L O O R  N E A R  T H E  A R E N A  

I I I -15  



-, 

-. 

- 

EXPANSION JOINT 

(AS BUILT) (NOT TO SCALE) 

FIGURE 15 ROOMS 5 AND 5B - AREAS WHERE REMEDIAL 
ACTION WAS PERFORMED ON THE FLOOR 

III-16 

..“.- ._” ---.- 



.-  

.-  

,-  

,-  

( A S  6UJLT)  ( A S  6UJLT)  ( N O T  T O  S C A L E )  ( N O T  T O  S C A L E )  

5 2 0 1  
( M E S S  H A L L )  

F IG U R E  1 6  R O O M S  S 2 0 1  A N D  S 2 0 2 - A R E A S  W H E R E  R E M E D IA L  
A C T IO N  W A S  P E R F O R M E D  O N  T H E  F L O O R  

I I I -17  



I .  

- *  

- .  

.“,~I 

- .  

.- .  

m m ,  

., .  

“- 

“% 

- 

“_L 

m I I  

~ _  

I \ c3  N  f IR IN G  R A N G E  

I 

P  r -5  l/Z’ ;r 

--- - 
2 ’-0’ 

rJ@ @ % y 6 .x 2 4 'DL lCT 

DUCT  
I'- 3 ' D E E P  
R E C E S S E D  A R E A . 

B  -  s 2 1 2  
2 '-II' r  

a -  I 
2 0  

1  

i 

( A S  & J ILT)  ( N O T  T O  S C A L E )  

F IG U R E  1 7  R O O M  S 2 1 2 - A R E A S  W H E R E  R E M E D IA L  A C T IO N  W A S  
P E R F O R M E D  O N  T H E  M A IN  F L O O R  A N D  T H E  R E C E S S E D  
F L O O R  

I I I -18  

,= . 

CL;  r12 .71  N l 9V911nae (  .Rl 

- - - -  -  .__._._._ .” ” ~ ^ ” . . I___ I_..-_ 



MASONRY BLOCK WALL MASONRY BLOCK WALL 

(AS BUILT) MOT TO SCALE) MOT TO SCALE) 

FIGURE 18 ROOM 5213 - AREAS WHERE REMEDIAL ACTION WAS PERFORMED 
ON THE NORTH WALL 



.- 

-.. 

.“a.. 

s- 

A- 

- 

912 

I 

HALLWAY 

c3 N 

S213 

I I 
4EP I 

1 S250 

P Gr 

(M W ILT) 0401 TO SCALO 

F IGURE 19 HALLWAY OUTSIDE ROOM S213-AREA WHERE REMEDIAL 
ACTION WAS PERFORMED ON THE FLOOR 
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FIGURE 20 ROOM S215 - AREA WHERE REMEDIAL ACTION WAS PERFORMED ON THE FLOOR 
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FIGURE 22 AREA WHERE REMEDIAL ACTION WAS PERFORMED OUTSIDE THE BUILDING 
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